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THE    MEDICINAL    TREATMENT    OF    PARASITIC    DIS- 
EASES— AN  UNDEVELOPED  FIELD  OF 
VETERINARY   MEDICINE.^ 

^L\URiCE  C.  Hall,  Ph.D.,  D.V.M., 

Parasitologist.    Research    Laboratory.    Parke,    Davis    &    Co. 

With  the  exception  of  those  parasitic  diseases  which  are  of 
interest  from  the  standpoint  of  quarantine  regulations  (Texas 
fever  and  scabies)  or  of  meat  inspection  (hydatid,  "beef  measles," 
"hog  measles."  etc.),  the  diseases  of  stock  due  to  parasites  receive 
entirely  too  little  attention  from  the  veterinarian. 

One  reason  for  this  is  that  such  animals  as  sheep  and  swine, 
which  animals  most  commonly  suffer  from  parasitic  infestation, 
are  species  with  which  the  veterinarian  has  little  to  do,  aside  from 
dipping  sheep  for  scabies  and  injecting  hogs  with  serum  against 
hog  cholera.  That  veterinarians  treat  sheep  and  hogs  so  little  is 
due  to  a  combination  of  circumstances.  From  the  farmer's 
standpoint,  the  value  of  the  individual  sheep  or  swine  commonly 
does  not  warrant  the  expense  of  paying  a  veterinarian.  From  the 
veterinarian's  standpoint,  the  compensation  to  be  expected  from 
treating  the  individual  sheep  or  swine  does  not  warrant  an  interest 
in  this  field.  For  years  veterinary  practice  in  the  L'nited  States 
concerned  itself  primarily  with  horses  and  secondarily  with  dogs. 
Today  cattle  practice  is  coming  into  its  own.  but  aside  from  hog 
cholera  work,  sheep  practice  and  swine  practice  are  little  known 
quantities  in  the  United  States. 

The  held  of  sheep  and  swine  practice  is  one  that  deserves 
attention.  The  diseases  that  attack  these  animals  are  commonly 
epizootic  or  enzootic,  and  the  aggregate  value  of  the  stock  in- 
volved is  usually  considerable,  even  though  the  \alue  of  the 
individual  animal  be  comparatively  small.  At  the  present  time 
the  value  of  even  the  individual  sheep  or  swine  is  no  small  matter. 

Sheep,  swine  and  dogs  are  commonly  infested  with  worms. 


'Reprinted    from    the   Journal    of   the    American    Veterinary    Medical    Association, 
Vol.    L.,    N.    S.    No.    5.    pp.    60S-0n.    January,    1917. 


Sheep.  esi)ecially.  are  affected  but  little  by  bacterial  diseases  and 
suffer  ])rinci|)ally  from  ])arasitic  infestation.  Unite  often  the 
animals  suffer  from  massive  infestations  with  the  usual  damage 
due  to  irritation  of  the  digestive  mucosa  from  the  movement  and 
pressure  of  the  worms,  from  occlusion  of  the  lumen  of  the  diges- 
ti\c  tract,  from  enterospasm.  from  abstraction  of  nourishment, 
from  absorption  of  toxic  products,  and  from  hemorrhage  and 
traumatic  injury  occasioned  by  some  species  of  worms.  The 
damage  is  most  pronounced  in  young  animals.  In  these  animals 
the  digestive  tract  is  more  sensitive,  the  mucosa  more  tender,  the 
reflexes  perhaps  more  acute.  Infestations  that  give  rise  to  little 
or  no  apparent  injury  in  old  animals  often  appear  to  occasion 
considerable  injury  to  young  animals  and  in  some  cases  are  the 
cause  of  death.  One  of  the  most  important  features  in  the  case 
is  the  fact  that  young  animals  that  are  heavily  parasitized  com- 
monly suffer  a  serious  setback  and  frequently  are  permanently 
stunted  in  growth.      They  become  unthrifty  adults — "runts." 

Clinically,  parasitic  infestation  does  not  present  a  sharply 
defined,  well  characterized  picture,  but  in  a  general  way  one  may 
suspect  parasitism  when  dealing  with  an  afebrile  disease,  with 
unthriftiness  grading  into  emaciation  and  commonly  accompanied 
by  anemia  and  edema.  Gastric  and  intestinal  parasitism  is  often 
accompanied  by  more  or  less  diarrhea  or  consti])ation.  These 
features  should  be  considered  in  relation  to  other  facts :  that 
parasitic  worms  are  most  prevalent  in  warm  climates  and  moist 
localities  or  in  wet  years ;  that  they  are,  therefore,  more  ai)t  to  be 
of  importance  in  the  South  and  along  the  coast  than  in  the  Rocky 
Mountain  States  or  in  such  dry  climates  as  parts  of  Arizona ;  and 
that  continued  use  of  closely  cropped  pastures  will  favor  massive 
infestation.  As  a  rule  there  is  opportunity  for  post-mortem 
examination  to  confirm  the  suspicion  of  parasitism  as  the  cause  of 
trouble,  for  the  veterinarian  is  not  apt  to  be  called  in  until  the 
death  of  at  least  one  animal  makes  it  seem  desirable  to  have 
advice.  Of  course,  it  is  possible  to  confirm  a  suspicion  of  para- 
sitism by  microscopical  examination,  but  at  the  present  time 
there  are  comparatively  few  practicing  veterinarians  sutificiently 
experienced  to  make  a  satisfactory  diagnosis  in  this  way,  espe- 
cially when  it  involves  the  question  of  passing  on  whether  the  fecal 
findings  indicate  a  common  and  light  or  moderate  infestation  or  a 
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massive  and  dangerous  infestation,  a  rather  difficult  point  to  settle. 
To  be  sure,  the  presence  of  parasites  would  warrant  treatment 
from  many  standpoints,  but  it  would  not  necessarily  settle  the 
question  as  to  whether  they  were  responsible  for  the  condition  the 
veterinarian  was  called  in  to  treat. 

Most  of  the  work  on  parasitic  diseases  of  live  stock  in  this 
country  has  been  done  in  the  federal  bureaus.  From  the  very 
nature  of  things  they  have,  therefore,  laid  most  of  their  emphasis 
on  prophylaxis,  something  that  could  not  well  be  over-emphasized. 
They  have,  however,  noted  the  necessity  and  desirability  of  medi- 
cinal treatment,  and  it  is  well  known  that  there  are  times  when 
such  prophylactic  measures  as  pasture  rotation  are,  for  one 
reason  or  another,  not  feasible.  An  illustration  of  this  fact  that 
came  to  the  writer's  attention  lately  was  in  the  case  of  two  flocks 
of  goats  used  as  brush  cleaners  on  Virginia  farms.  It  was  neces- 
sary that  the  goats  feed  down  the  brush  to  the  point  where  it 
would  die,  a  feature  wdiich  made  it  undesirable  to  rotate  pastures 
and  give  the  brush  which  had  only  been  lightly  pastured  a  chance 
to  recuperate.  In  cases  like  this  the  repeated  use  of  proper 
medicinal  treatment  might  reasonably  be  expected  to  gain  all 
that  pasture  rotation  would  gain  in  the  way  of  keeping  infestation 
down  to  a  negligible  minimum. 

There  is  an  excellent  opportunity  at  the  present  time  fcjr  the 
veterinarian  to  educate  the  owners  of  sheej)  and  swine  in  regard 
to  the  desirability  of  employing  veterinarians  to  treat  their  stock 
for  parasitic  diseases.  Live  stock  values  are  especially  high  at 
the  present  time,  and  there  is  less  than  the  usual  amount  of 
philosophical  resignation  in  contemplating  dead  stock.  Live  stock 
papers  and  farm  journals  are  emphasizing  more  and  more  the 
importance  of  worm  ])arasites  and  related  pests  and  the  need  of 
combating  them.  If  the  \eterinarian  does  not  take  occasion  to 
interest  himself  in  this  field  at  the  present  time,  he  will  sooner  or 
later  find  himself  lamenting  the  [)revalence  among  farmers  and 
stockmen  of  the  practice  of  treating  their  own  flocks  and  herds 
for  parasites.  There  is  a  growing  interest  in  this  matter  which 
marks  the  veterinarian's  opportunity  to  take  advantage  of  the 
situation  or  give  rise  to  a  regrettable  situation  by  neglecting  it. 
If  the  farmer  could  treat  his  stock  as  well  as  the  veterinarian 
could,  it  would  only  be  the  veterinarian's  loss  if  the  farmer  be- 
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came  confirmed  in  this  practice.  But  this  would  not  be  the  case. 
The  veterinarian  is  in  a  position  to  know  the  latest,  safest  and 
best  treatments,  whereas  the  farmer,  who  cannot  he  so  well  in- 
formed, is  apt  to  waste  time  and  money  and  lose  stock  by  the 
inexpert  administration  of  ineffective  or  dangerous  treatments. 

There  are  doubtless  many  veterinarians  who  feel  that  the  task 
of  dosing  a  flock  of  sheep  or  a  herd  of  swine  could  not  ]iossibly 
be  accomplished  in  sufiicient  time  to  make  it  remunerative.  More 
experience  will  dispel  this  idea.  With  three  or  four  assistants, 
such  as  can  usually  be  found  on  a  sheep  ranch,  flocks  of  five 
hundred  to  jierhaps  a  thousand  sheep  could  be  drenched  in  a  day. 
by  the  use  of  suitable  ecjuiinuent,  at  a  cost  which  would  make  it 
profitable  to  the  veterinarian  and  the  sheeji  owner.  This  means 
that  the  sheeji  must  be  drenched  at  a  rate  of  more  than  one  animal 
a  minute,  and  in  the  writer's  experience  it  is  not  especially  difiicult 
to  work  at  that  rate.  With  proper  facilities  for  handling  and 
restraint,  swine  can  also  be  handled  at  a  rather  rapid  rate. 

The  stomach  worm  has  ruiited  the  sheep  industrv  in  some 
sections.  The  practicing  veterinarian  owes  it  to  himself  and  to 
the  sheep  business  to  cultivate  an  interest  in  the  stomach  worm 
problem  instead  of  neglecting  it.  And  what  is  true  of  the 
stomach  worm  is  true,  in  a  general  way,  of  other  parasitic  diseases 
which  cannot  be  discussed  within  the  limits  of  this  paper.  Such 
prophylactic  measures  as  pasture  rotation  must  be  carried  out  by 
the  farmer  and  stockman,  preferably  under  the  advice  of  a 
trained  veterinarian,  but  no  adequate  scheme  of  eradication  or 
control  can  neglect  medicinal  treatment,  and  this  is  and  should 
remain  the  veterinarian's  field.  But  the  saving  of  stock  is  the 
object  which  gives  point  to  the  veterinarian's  work,  and  if  he 
refuses  to  take  an  interest  in  sheep  and  swine  and  to  educate  his 
community  in  regard  to  the  possibilities  of  treatment  and  the  need 
for  treatment  of  parasitic  diseases  by  the  skilled  veterinarian, 
then  the  stock  journals  will  develop  in  the  farmer  and  stockman 
the  idea  that  thev  must  treat  their  own  stock  for  these  troubles. 
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BIOLOGICAL  STANDARDIZATION. 

By  Herbert  C.  Hamilton'. 

(From   the   Research    Laboratory    of   Parke,    IXivi!.   \-   Co.,   Detroit,   Michigan.) 

Under  this  heading  Rusby  (1)  reviews  the  U.  S.  P.  methods 
for  standardizing  the  drug  and  glandular  extracts  which  admit 
of  no  exact  chemical  assay.  He  asserts  that  from  the  \iewpoint 
of  the  medical  profession  any  favorable  opinion  regarding  these 
methods  is  almost  entirely  because  of  "confidence  in  those  who 
recommended  them."  But  that  even  "this  confidence  was  con- 
siderably weakened  because  of  radical  dififerences  which  existed 
among  those  authorities."  The  parallelism  between  therapetitic 
value  and  the  measured  physiological  eft"ect  was  also  questioned. 
"On  the  other  hand  the  convention  had  the  greatest  confidence  in 
the  specialists  who  were  in  charge  of  these  investigations.'' 

The  review  while  entirely  impartial  is  lacking  in  one  impor- 
tant feature :  it  fails  to  give  the  viewpoint  of  the  manufacturer 
just  as  the  revision  committee  failed  to  give  it  due  consideration. 
The  importance  of  this  feature  is  in  the  fact  that  the  manufac- 
turers were  in  many  instances  the  originators  of  the  tests  in  use, 
and  had  of  necessity  developed  them  from  scientifically  interesting 
facts  to  a  practical  working  basis.  These  manufacturers  through 
years  of  experience  were  in  a  position  to  eliminate  the  non-essen- 
tials and  to  arrive  at  some  common  ground  by  compromise.  A 
method  which  under  certain  conditions  can  be  made  fairly  satis- 
factory may  fail  entirely  when  attempts  are  made  to  apply  it  under 
practical  working  conditions. 

As  may  be  inferred  from  the  foregoing  introduction  it  is  the 
purpose  of  the  writer  to  point  out  certain  objectionable  features 
in  the  biological  assays  which  are  either  suggested  or  required  in 
the  9th  Revision  of  the  U.  S.  Pharmacopoeia  (2). 

We  will  assume,  as  the  Revision  Committee  evidently  did,  that 
a  biological  method  can  be  found  which  is  a  measure  of  thera- 
peutic value. 


It  is  very  natural  that  opinions  should  differ  among  pharma- 
cologists as  to  which  reaction  more  nearly  represents  the  activity 
of  a  drug,  when  the  drug  has  a  number  of  apparently  different 
therapeutic  uses. 

It  is  no  more  remarkable  that  differences  of  opinion  exist  as 
to  which  is  more  accurate,  if  several  assay  methods  are  available. 
One  can  expect  therefore  that  the  methods  adopted  would  be  sub- 
jected to  criticism,  for  in  this  way  only  can  errors  be  eliminated. 

The  Digitalis  Series  of  Heart  Tonics. 

The  method  adopted  for  the  assay  of  the  digitalis  series  of 
heart  tonics  is  that  known  as  the  one-hour  frog  heart  or  the  mini- 
mum systolic  dose  (M.  S.  D.)  method. 

In  a  review  of  the  various  m,ethods  in  use  Edmunds  and  Hale 
(3)  eliminated  most  of  them  as  illogical  or  inaccurate.  These 
authors  found  little  reason  for  choice  between  the  one  mentioned 
above  and  another  known  as  the  minimum  lethal  dose  (M.  L.  D.) 
method.^  Their  preference  inclined  toward  the  former  on  the 
basis  of  cost  and  time. 

This  method  leaves  much  to  be  desired  in  regard  to  accuracy 
and  dependability,  since  if  one  economizes  either  in  time  or  in 
material  it  is  usually  at  the  expense  of  accuracy. 

This  method  is  subject  to  the  same  variable  factors  as  the 
M.  L.  D.  method,  namely,  temperature,  season,  different  species 
of  frogs  and  their  individual  susceptibility,  with  the  additional  dis- 
advantage that  absorption  becomes  a  more  serious  factor  on  ac- 
count of  the  shorter  time  of  action.  The  apparent  advantages — 
fewer  frogs  and  shorter  time — are  under  some  conditions  real  dis- 
advantages because  in  case  of  delated  absorption  a  frog's  heart 
will  be  found  beating  in  ]  hour,  even  when  dosed  with  the 
M.  S.  D.,  while  the  M.  L.  D.  would  not  be  appreciably  affected. 
Another  important  point  in  connection  with  the  end  point  in  the 
M.  S.  D.  method  is  the  effect  of  pithing  the  frog  and  laying  bare 
its  heart.  Is  it  reasonable  to  suppose  that  this  has  no  influence  on 
the  condition  of  the  heart?     Whatever  this  influence   is   it   can 


^The  M.  L.  D.  or  minimum  lethal  dose  method  is  described  in  detail  by  Hough- 
ton and  Hamilton  (4).  The  M.  L.  D.  is  the  smallest  dose  per  gram  weight  of  frog 
which  kills  a  majority  of  the  test  animals,  the  correctness  of  the  end  point  being 
verified  by  observation  of  the  laid-bare  heart,  which  is  in  systole,  if  death  is  due 
to  the   uncomplicated   action   of   one   of   the   digitalis   series. 


scarcely  lie  inferred  that  tlii>  is  an  in\arial>le  and  uniform  effect. 
The  method  tlierefore  intro(hices  one  more  factor,  the  effect  of 
which  tends  towards  \ariahihty  rather  than  in  tlie  (h"rection  of 
increasing  accuracy. 

After  an  extended  series  of  tests  llamiUon  &  J\owe  (oj  found 
that  the  M.  S.  D.  of  digitahs  is  less  than  the  M.  L.  D.,  showing 
that  an  early  paralysis  of  the  heart  occurs  which  may  be  the  cause 
of  tlie  observed  indefinite  end  ])oint.  This  ])aralvsis  seems  to  ha\e 
no  uniform  relationship  to  the  M.  L.  D.  since  in  some  cases  the 
M.  L.  D.  and  M.  S.  D.  were  identical,  while  an  average  of  M 
experiments  showed  the  latter  to  exceed  the  former  by  22  per 
cent,  in  the  case  of  fluid  extracts,  and  30  per  cent,  in  the  case  of 
tinctures,  the  latter  being  an  average  of  12  tests.  In  one  assay  of 
a  tincture  by  both  methods  the  M.  L.  D.  exceeded  the  ^I.  S.  D. 
by  60  per  cent. 

The  conclusion  of  Edmunds  and  Hale  tliat  choice  between  the 
two  methods  is  largely  one  of  convenience  seems  unwarranted. 
The  most  uniform  end  point,  and  the  most  logical,  is  that  where 
the  sample  of  a  digitahs  preparation  has  an  opportunity  to  com- 
plete its  cycle  of  effects  and  to  be  measured  by  the  size  of  the 
minimum  dose  which  causes  death  of  the  frog  with  lieart  in 
systole.  Any  other  stage  in  this  cycle  is  more  variable  and  there- 
fore less  accurate  as  an  end  point  for  the  reaction. 

The  standard,  ouabain,  adopted  by  the  committee  for  com- 
parison in  measuring  the  activity  of  the  digitalis  series  of  heart 
tonics  is  also  open  to  criticism  l:)ecause  it  is  obtained  from  a  non- 
official  strophanthus  seed  and  because  different  lots  are  not  uni- 
form in  com])osition. 

W  hile  it  is  true  that  the  standard,  in  physiological  assaying, 
is  merely  to  measure  the  resistance  of  the  frogs,  this  resistance  is 
of  such  a  complex  character  that  it  should  be  measured  by  a 
standard,  not  in  any  respect  open  to  criticism.  The  standard,  if 
not  identical  with  the  sample,  should  be  one  whose  composition 
and  identity  lia\e  been  established. 

The  descrii)tion  of  ouabain  indicates  that  it  is  derixed  from  a 
non-official  strophanthus  seed,  that  its  composition  is  indefinite  in 
that  it  crystallizes  with  varying  quantities  of  water,  and  that  it 
does  not  yield  a  crystalline  strophanthidin  and  cannot  therefore 
be  assayed  chemically  to  establish  uniformity.     That    it    is    not 


uniform  is  shown  by  Rovve  (6),  a  conclusion  which  may  be  de- 
duced from  the  fact  that  the  M.  S.  D.  of  ouabain  accepted  by  the 
U.  S.  P.  Committee  is  .0000005,  while  the  average  of  the  three 
samples  tested  by  Rowe  is  .00000086  or  76  per  cent,  more — a  dif- 
ference not  due  to  temperature,  because  in  all  cases  the  tests  were 
carried  out  at  20°  C.  Further  it  is  an  expensive  substance  and 
obtainable  only  by  importation.  These  and  perhaps  other  objec- 
tions would  certainly  have  been  brought  out  by  the  ones  who 
must  use  the  test  if  such  an  opportunity  had  been  granted. 

Strophanthin  from  Kombe  seed  can  be  made  of  uniform  com- 
position and  activity  according  to  Brauns  and  Closson  (7)  and  is 
therefore  preferable  to  ouabain  for  every  reason,  but  its  use  seems 
especially  logical  because  of  being  derived  from  the  official  stro- 
phanthus  seed. 

Cannabis. 

The  biologic  assay  of  cannabis  indica  is  another  that  is  open  to 
criticism,  not  only  in  the  wording  of  the  text,  but  in  the  size  of 
the  test  dose  and  in  certain  of  its  details. 

As  to  the  words  used,  the  statement  is  made  that  cannabis 
"produces  incoordination  when  administered  to  dogs  in  a  dose  of 
not  more  than  0.03  mil  of  fluid  extract,  .  .  .  ."  How  much 
smaller  dose  will  show  a  similar  but  less  marked  effect?  What 
is  the  effect  of  a  larger  dose?  A  logical  wording  would  be  that 
Standard  F.  E.  Cannabis  produces  incoordination  in  a  dose  not 
less  than,  etc. 

The  dose  chosen  is  too  small  for  a  satisfactory  test.  The  aver- 
age dog  will  scarcely  react  to  a  dose  of  this  size,  and  if  the  drug 
is  somewhat  less  active  than  standard,  the  animal  will  not  react 
visibly.  Under  the  rather  drastic  conditions  imposed,  some  dogs 
will  show  the  effect  of  cannabis  to  a  fairly  satisfactory  degree, 
but  a  large  majority  will  show  the  effect  very  slightly  if  at  all — a 
statement  corroborated  by  Pearson  (8). 

A  much  more  satisfactory  test  dose  of  a  standard  cannabis 
preparation  is  one  which  when  administered  under  proper  con- 
ditions will  show  a  well-marked  action.  Then  if  the  preparation 
being  tested  is  somewhat  less  active  than  standard  or  the  dog 
slightly  less  susceptible  than  normal,  an  evident  although  less 
marked  effect  is  produced.     In  this  way  a  measurable  difference 
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can  often  be  established,  a  difference  which  can  be  verified  by  a 
second  test.  A  dose  of  0.1  mil  of  the  standard  fluid  extract  does 
not  produce  an  effect  too  great  to  obscure  the  reaction  of  a  sample 
which  is  shghtly  more  active  than  standard.  This  dose  is  there- 
fore recommended  as  the  standard  test  dose.  In  a  former  com- 
munication the  author  (9)  suggested  0.01  Gm.  as  the  dose  for  the 
extract  and  a  minimum  dose  of  0.09  mil  (Cc.)  of  the  fluid  extract. 

Testing  the  standard  on  each  occasion  is  an  unnecessary  and 
expensive  procedure,  since  a  dog  proved  to  be  susceptible  to  the 
standard  to  the  proper  degree  remains  fairly  constant  for  a  long 
period,  if  in  good  physical  condition.  This  is  admitted  in  the 
official  description  of  the  test  animals  (2). 

Testing  a  sample  on  two  dogs  which  have  been  chosen  because 
of  being  susceptible  to  the  standard  test  dose  of  cannabis  is  suf- 
ficient unless  one  or  both  exhibit  a  reaction  very  different  from 
that  to  be  expected.  In  such  a  case  the  susceptibility  of  the  dogs 
should  be  reestablished. 

Starving  a  dog  for  twenty-four  hours  is  a  longer  period  than 
necessary.  Twelve  hours  is  generally  sufficient  to  empty  the 
stomach,  and  is  less  trying  on  the  test  animals. 

Regarding  the  standard,  some  more  exact  method  should  be 
devised  for  obtaining  uniformity  among  manufacturers.  As  pre- 
scribed by  the  U.  S.  P.  the  activity  of  a  sample  depends  on  the 
susceptibility  of  the  dog,  and  it  may  be  any  kind  of  a  dog. 

If  a  test  is  attempted  for  the  first  time  and  no  reaction  fol- 
lows, how  can  it  be  determined  whether  the  sample  or  the  animal 
is  at  fault? 

Since  the  test  is  compulsory  it  should  be  the  duty  of  some 
central  authority  to  supply  a  sample  which  meets  requirement  to 
every  manufacturer  of  cannabis  products,  and  so  insure  the  uni- 
formity which  is  planned  to  attain. 

It  is  an  unnecessary  requirement  to  compare  each  cannabis 
preparation  with  the  standard  in  the  same  form.  If  the  standard 
is  in  a  stable  form  it  can  be  considered  equally  active  if  .00-1  Gm. 
is  in  extract,  fluid  extract  or  tincture  form,  while  in  fact  the 
statement  "A  standard  fluid  extract  will  produce  incoordination 
when  administered  to  dogs  in  the  dose  of  0.03  mil,  the  extract  in 
the  dose  of  0.004  Gm.,  the  tincture  in  the  dose  of  0.3  mil  for  each 
kilogram  of  body  weight  of  dogs,"  gives  one  no  option  in  dosing, 
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and  practically  makes  a  test  of  the  standard  unnecessary.  The 
effective  dose  of  each  is  prescribed  without  any  opportunity  of 
varying  it  to  adjust  for  a  lower  susceptibility  of  the  test  animal. 
If  the  method  provided  for  this  contingency,  it  would  be  logical 
to  compare  sample  with  standard  in  every  case  and  to  eliminate 
every  possible  cause  for  uneqvial  effects. 

Further  criticisms  of  this  test  of  cannabis  ])reparations  are 
that  the  drug,  while  intoxicating  in  a  sense,  is  not  known  to  be 
fatal  in  a  relatively  immense  dose  and  consequently  is  not  a  dan- 
gerous drug;  and  that  it  has  no  very  extended  application  in 
human  therapy.  It  therefore  scarcely  deserves  so  much  attention, 
especially  when  the  extra  refinements  of  testing  suggested  add  so 
little  to  uniformity  in  the  activity  of  its  extracts  and  so  much  to 
the  cost  of  standardizing. 

Suprarenal  Gland. 

The  biologic  assay  of  products  of  the  suprarenal  gland  is  open 
to  criticism  in  only  two  particulars,  namely,  in  the  method  of 
measuring  and  administering  the  doses  and  in  attempting  to  check 
the  results  as  described. 

Using  both  femoral  veins  for  injecting  sami)le  and  standard 
alternately  is  probably  intended  to  obviate  the  possible  mixing  of 
the  two  solutions  if  both  are  injected  into  the  same  vein.  But  it 
introduces  a  very  much  greater  source  of  error.  The  amount 
injected  can  much  more  easily  be  measured  by  use  of  a  pipette 
than  in  a  syringe,  and  the  dose  after  being  injected  can  be  easily 
and  completely  washed  into  the  blood  stream  by  a  follow-up  injec- 
tion of  2  mil  (Cc.)  physiological  salt  solution.  When  this  pro- 
cedure is  followed,  no  mixing  of  two  injections  is  possible. 

By  the  U.  S.  P.  method  it  is  difficult  to  measure  accurately 
small  differences  in  the  dose,  and  impossible  to  insure  that  the 
entire  dose  enters  the  blood  stream.  The  small  part  remaining  in 
the  dead  space  of  the  vein  seems  to  be  destroyed,  because  doses 
administered  by  the  U.  S.  V.  procedure  are  invariably  less 
effective  than  when  immediately  and  completely  carried  into  the 
blood  stream  by  the  method  suggested  above. 

The  requirement  of  checking  an  assay  by  making  the  injec- 
tions of  sample  and  of  standard  into  the  opposite  sides  from  those 
first  used  is  no  check  except  in  so  far  as  it  checks  conditions  on 


the  two  sides  of  the  dog.  This  feature  ean  better  be  eliminated 
l)y  using  only  one  side.  I'urther,  b\'  tlie  ollirial  method,  if  it  is 
impossible  to  complete  the  test  and  the  check  on  a  dog.  no  o])tion 
is  left  but  to  repeat  both  test  and  check  on  another  dog.  It  is 
occasionally  necessary  to  check  an  assay  on  a  second  dog  wlu-n 
conditions  during  the  first  test  were  unfavorable  for  accuracy, 
but  no  advantage  results  from  a  retest  on  the  same  dog. 

Pituitary  Gland. 

The  assay  of  liquor  hypophysis,  while  not  included  in  the  bio- 
logical assays  on  page  604  et  seq.  is  none  the  less  biologic.  It  is 
also  compulsory  for  a  U.  S.  P.  product.  It  is  open  to  criticism 
because  of  the  nature  and  dose  of  the  standard  and  because  of 
the  unsatisfactory  character  of  the  test  reaction  chosen. 

First  as  to  the  standard,  it  seems  unwise  as  well  as  unnecessary 
to  choose  as  the  standard  a  substance  which  has  only  one  of  the 
typical  physiological  effects  of  hypophysis,  and  which  alone  has  no 
therapeutic  application  equivalent  to  that  of  extracts  of  the 
pituitary  gland. 

In  a  previous  communication  (10)  the  author  descril)ed  the 
means  of  obtaining  a  satisfactory  standard  test  solution,  this  being 
a  fresh  solution  of  the  \\ater-solul)le  ])art  of  the  dried,  defatted, 
powdered  infundibulum. 

Because  of  the  i)ossible  variation  in  tlie  c(»ntcnt  of  active  agent 
in  different  lots  of  glands,  a  stable,  highly  acti\e,  water-soluble 
powder  prepared  by  Aldrich  (IT)  has  been  largely  substituted  in 
the  commercial  standardization  of  pituitrin.  The  dried  glandular 
substance  first  mentioned,  however,  can  be  easily  prepared  and  is 
well  ada[)ted  to  the  purpose  of  making  the  standard  test  solution. 

This  has  the  distinct  advantage  over  histamine  of  being  identi- 
cal in  action  with  extracts  of  the  glands  both  on  the  isolated  uterus 
and  on  other  unstriated  muscles,  especially  those  controlling  blood 
])ressure. 

.Vctive  extracts  of  the  pituitary  gland  are  remarkable  for  their 
action  on  smooth  muscular  tissues,  contracting  the  uterus  and 
intestinal  muscles  and  the  walls  of  the  veins  and  arterioles.  As 
results  of  this  action,  the  blood  i)ressure  is  raised,  peristalsis  is 
increased  and  the  tone  of  an  inert  uterus  is  aroused. 

It  is  logical  to  assume  that  all  the  effects  are  due  to  a  con- 
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stituent  which  acts  on  unstriated  muscle  and  to  choose  one  of 
these  as  a  test  reaction — one  which  is  accurate  and  measurable. 
If,  however,  the  action  on  the  pregnant  uterus  is  due  to  a  con- 
stituent other  than  that  which  affects  the  blood  pressure,  then  it 
is  essential  that  the  oxytocic  test  be  applied  to  those  preparations 
intended  for  obstetrical  work.  But  for  the  assay  of  such  as  are 
used  to  control  the  blood  pressure  in  cases  of  shock  it  would  be 
necessary  to  apply  the  blood  pressure  test. 

While  some  investigators,  notably  Fiihner  (12),  claim  to 
have  produced  evidence  that  two  or  more  constituents  are  present 
in  an  active  extract,  others  have  found  the  two  principal  effects 
to  go  hand  in  hand,  pointing  either  to  the  presence  of  only  one 
active  constituent  or  to  a  constant  ratio  in  the  content  of  the  two 
constituents.  Roth  (13),  whose  work  was  probably  the  basis  for 
the  choice  both  of  the  method  and  the  standard  test  dose,  submit- 
ted little  conclusive  evidence  for  his  choice  of  the  oxytocic 
method.  He  made  his  selection  because  "the  simplicity  of  the 
isolated  uterus  method,  together  with  the  fact  that  the  uterus  of 
the  virgin  guinea-pig  shows  little  variation  in  its  reaction  to  pitui- 
tary extracts  even  after  hours,  places  it  above  other  methods  in 
point  of  desirability  as  a  method."  His  objection  to  the  blood 
pressure  method  is  "that  one  encounters  a  degree  of  tolerance 
when  a  second  or  succeeding  dose  is  given." 

On  the  latter  point  he  submits  as  evidence  of  toleration  a 
series  of  14  consecutive  injections  of  pituitrin,  only  9  of  which, 
howeter,  illustrate  his  point.  Each  of  the  first  five  was  followed 
by  an  almost  identical  rise  in  pressure,  while  the  others  were  made 
in  a  manner  contrary  to  his  own  suggestion,  namely,  "the  period 
between  injections  to  be  at  least  30  minutes  long."  The  nine 
injections  were  made  with  an  average  interval  of  5  minutes  and 
into  a  dog  which  was  apparently  incompletely  anesthetized.  He 
submits  no  evidence  whatever  on  the  point  that  "little  variation 
is  shown  in  the  reaction  of  the  isolated  uterus  to  pituitary  extracts 
even  after  hours." 

While  the  method  is  apparently  simple  the  test  strips  of  uterus 
muscle  which  will  respond  differently  to  different  sized  doses  with 
any  degree  of  accuracy  are  so  few  that  a  dependable  test  can 
rarely  be  made.  On  the  other  hand  a  blood-pressure  test  can  be 
made  on  dogs  with  few  exceptions  and  the  "tolerance"  referred 
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to  is  scarcely  to  be  observed  when  testing  a  good,  carefully  pre- 
pared extract.  It  can  be  eliminated  entirely  as  a  factor  by  the 
alternate  injection  of  sample  and  standard.  These  facts  are 
brought  out  and  illustrated  by  Hamilton  &  Rowe  (14),  who  sug- 
gest that  clinicians  working  in  conjunction  \vith  pharmacologists 
aid  in  determining  which  reaction  more  nearly  coincides  with 
therapeutic  value.  No  positive  evidence  has  yet  been  brought 
forward  to  prove  that  the  blood  pressure  test  carefully  carried 
out  is  not  a  direct  measure  not  only  of  pressor,  but  also  of 
oxytocic  activity  together  with  its  action  on  the  kidneys,  intestines 
and  the  mammary  glands. 

When  a  therapeutic  agent  such  as  the  extract  of  the  pituitary 
gland  has  been  in  practical  use  for  nearly  ten  years  and  through 
clinical  as  well  as  laboratory  experiments  has  been  standardized 
to  a  certain  degree  of  activity — a  strength  demanded  by  ob- 
stetricians and  surgeons  as  essential  for  obtaining  the  desired 
results — any  readjustment  of  activity  should  be  made  with  ex- 
treme caution. 

The  revision  committee,  however,  ignored  this  phase  of  the 
question  and  have  adopted  a  standard  activity  for  Liquor  Hypo- 
physis U.  S.  P.  9th  considerably  below^  that  of  the  standard  prep- 
arations on  the  market. 

To  make  an  official  extract  from  this  gland  material  conform- 
ing in  every  respect  to  U.  S.  P.  requirements  lowers  the  standard 
from  that  at  present  generally  used  by  the  medical  profession  to 
one  with  only  40  per  cent,  as  high  activity.  Is  there  not  reason 
enough  for  Dr.  Rusby's  statement  that  "it  may  safely  be  said  that 
its  (biological  standardization )  efficiency  and  authority  w^ere  seri- 
ously doubted  by  a  large  majority  of  the  medical  profession.''" 

It  is  in  many  cases  difficult  enough  to  answer  the  question  "Is 
the  sample  of  drug  that  lias  been  found  to  possess  the  greatest 
power  to  kill  a  cat  the  one  that  will  prove  most  efficient  in  curing 
a  man?"  The  advocates  of  biological  standardization  are  now  in 
the  position  where  they  nuist  either  ignore  the  official  "biological 
assays"  or  be  forced  to  justify  methods  which  are  in  part  at  least 
illogical  and  inaccurate  and  standards  which  are  not  in  line  with 
medical  requirements. 

Considering  the  present  status  of  biological  standardization 
this  is  an  unfortunate  situation. 
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Summary  of  Objections  to  the  Official  Biological 

y\ssAY  Methods. 
The  Heart  Tonics. 

1st.  The  inaccurate  method  because  the  end  point  is  obscured 
by  (a)  variable  rate  of  absorption,  (b)  shock  in  exposing  the 
heart. 

3d.  The  standard,  because  it  is  not  from  the  official  drug  and 
is  not  uniform  in  composition  or  activity. 

Cannabis  Sativa. 

1st.    The  inaccurate  wording  in  the  text. 

2d.     The  smallness  of  the  test  dose. 

3d.     The  absence  of  a  uniform  standard. 

4th.  The  non-essential  features  which  add  to  the  complica- 
tions of  the  method  with  no  commensurate  gain  in  the  activity  or 
uniformity  of  the  product. 

Suprarenal  Gland. 

The  complications  introduced  into  the  test : 

(o)   The  inaccurate  manner  of  measuring  the  test  dose. 

(b)  The  incomplete  administration  of  the  test  dose. 

(c)  The  method  of  making  a  check  assay. 

Pituitary  Gland. 

1st.  The  inaccurate  and  unsatisfactory  character  of  the 
method. 

3d.  The  standard,  which  is  not  adapted  to  measuring  blood 
pressure  activity,  is  not  a  practicable  oxytocic  agent  in  thera- 
peutics and  is  not  derived  from  the  pituitary  gland. 

3d.     The  activity  of  the  standard  product. 
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BACTERIAL  FINDINGS  AND  THEIR  RELATIONSHIP  TO 
PYORRHEA  ALVEOLARIS  AND  INTER- 
STITIAL GINGIVITIS  * 

A.  W.  Lescoiiier,  M.D.,   Detroit. 

Few  subjects  in  medical  history  have  given  rise  to  more  fre- 
quent controversies  than  the  inflammatory  diseases  of  the  gums. 
The  classification,  nomenclature,  pathology,  even  the  anatomy  of 
the  parts  involved  have  afforded  material  for  protracted  argu- 
ment. Probably  no  phase  of  the  subject  has  been  more  keenly 
discussed  than  the  etiolog)',  and  during  recent  years  much  of  this 
interest  has  centered  on  the  i^art  played  by  bacterial  invaders. 

The  probable  relationshi])  of  pathogenic  l)acteria  to  the  devel- 
opment of  pyorrhea  has  been  recognized  for  several  decades. 
Mallasez  and  Galippe^  (18S4),  Black-  (1H87).  Miller'-  (1889) 
and  Kirk®  (1898)  were  some  of  the  early  investigators  of  its 
bacteriology.  A  variety  of  organisms  were  described,  none  of 
which  could  be  specifically  associated  as  the  causative  factor. 
Probably  the  first  to  ascribe  etiologic  significance  to  any  par- 
ticular micro-organism  was  Arkovy''  (lOO-l),  who  attributed 
acute  cases  of  alveolar  suppuration  to  streptococcic  infection. 

A  detailed  review  of  the  voluminous  literature  on  the  bac- 
teriology of  pyorrhea  and  allied  conditions  appears  neither  neces- 
sary nor  desirable.  Many  of  the  rei)orts  were  l)ased  on  studies 
the  scope  of  which  was  limited  both  b\-  the  paucity  of  cases  under 
observation  and  the  facilities  and  training  f(jr  their  intelligent 
investigation.  It  seems  advisable  rather  to  try  to  correlate  the 
facts  established  by  those  investigators  w  ho  have  definitely  con- 
tributed to  the  bacteriology  of  the  disease. 

Perhaps  the  most  notable  of  the  early  studies  on  the  relation- 


•  Read    before    the    Secliun    on    S(i>iiiatology    at    tlie    Sixty-.Seveiith    Annual    Session 
of   the    American    Medical    .\ssociation,    Detroit,    June,    1916. 

1.  Mallasez  and   Galippe:   C'onipt.   rend.    See.   de   bid.,   1884. 

2.  Black:    Indep.    Pract.,    New    York,    August,    IS^T. 

3.  Miller:     Die   Mikroorganismen   Mundhohle,  Leipzig,   1889. 

4.  Kirk:    Dental   Cosmos,   1898. 

.").   .\rkovy:    l?rit.    Med.  Jour.,    1904,   2,   1371. 
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ship  of  microorganisms  to  the  pathology  of  pyorrheal  diseases  is 
that  of  Goadby."  His  first  report  in  1907  describes  a  variety  of 
organisms  occurring  in  connection  with  i)yorrhea,  to  none  of 
which  it  was  possible  to  attribute  a  definite  etiologic  relationship. 
This  group  of  organisms  included,  in  addition  to  the  pyogenic 
cocci,  various  types  of  bacilli  and  spirilli.  Curiously  enough,  in 
view  of  later  developments  and  the  fact  that  a  study  of  his  proto- 
cols shows  that  streptococci  and  staphylococci  were  found  much 
more  frequently.  Goadby  appeared  to  attach  considerable  impor- 
tance to  the  bacillary  forms.  In  1908  Goadby  reported  the  suc- 
cessful treatment  of  two  acute  cases  of  pyorrhea  alveolaris  with 
autogenous  vaccines  ;  in  one  of  these  the  infection  was  mixed 
streptococcus  and  Staphylococcus  albiis,  and  in  the  other  strepto- 
coccus was  present  almost  in  pure  culture.  In  1909-1910  a  sup- 
plementary study  of  seventy  cases  was  reported,  in  which  the 
findings  are  given  in  Table  1. 

During  the  period  from  190T  to  1912  articles  dealing  with  the 
bacteriology  of  pyorrhea  were  contributed  by  numerous  workers, 
among  w^hom  may  be  mentioned  Carmalt- Jones  and  Humphrey,' 
Sims,''  Eyre  and  Payne.''  Fletcher,^"  Beebe,^^  -Best,^-  Williams/^ 
Logan, ^^  and  Leary.^^  The  results  of  their  investigations  were 
diverse  and  do  not  materially  assist  in  clearing  up  the  confusion 
existing  relative  to  the  bacteriology  of  the  disease.  The  only 
deduction  which  they  justify  is  that  a  number  of  microorganisms, 
potentially  pathogenic,  may  under  certain  conditions  be  isolated 
from  suppurative  lesions  of  the  gums. 

The  possibility  of  spirochetes  being  concerned  pathologically 
in  pyorrhea  has  received  some  attention.  Various  workers,  in- 
cluding Xoguchi,  have  described  spirochetal  types  found  in  the 
oral  cavity,  and  in  191"2  Noguchi^**  isolated,  in  pure  culture,  from 
a  case  of  pyorrhea  a  mucin-producing  spirochete  which  he  named 


6.  Goadby:  Brit.  Med.  Jour.,  Sept.  9,  1905;  Tr.  Odontological  Soc,  March,  1906; 
Lancet,  London,  March  9,  1907;  Brit.  Med.  Jour.,  Aug.  22,  1908;  Lancet,  London, 
Dec.    25,    1909;    Practitioner,   London,    1912,   88,   107.-. 

7.  Carnialt-Jones   and    Humphrey:    Lancet,    London,   Dec.    28,    1907. 

8.  Sims:    Dental    Practitioner,    Toronto.    October,    1908. 

9.  Eyre   and   Payne:    Proc.   Roy.    Soc.   Med.,    Odontological    Section.   Nov.    22,   1909. 

10.  Fletcher,  M.  IL:  Unclean  Mouth  and  Its  Evil  Results,  The  Journal  A.  M.  A., 
July    13,   1912,   p.    94.  ^ 

11.  Beebe:    Boston    Med.    and    Surg.    Tour.,    Oct.    28,    1909. 

12.  Best:    Dublin   Jour.    Med.    Sc,    133,   91. 

13.  Williams:    Am.    Jour.    Med.    Sc,    1911,   132,    666. 

14.  Logan:    Dental    Rev.,    1911,    25,   649. 

15.  Leary:      Dental    Cosmos,    1909,    p.    55. 

16.  Noguchi:      Jour.    Exper.    Med.,   1912,   16,   194. 
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Treponema  mucositni.  This  organism  is  not  regarded  by  Noguchi 
as  strictly  jiarasitic,  but  he  ascribed  to  it  pyogenous  action  under 
conditions  in  which  the  tissues  have  been  so  injured  as  to  enable 
it  to  survive.  The  strong  fetid  odor  in  sonic  cases  of  pyorrhea 
he  beheves  to  be  due  in  ])art  at  least  to  the  i)rcsence  of  T. 
mucosum. 

Recent  bacterial  studies  which  seem  to  be  entitled  to  careful 
consideration  are  those  reported  by  Medalia.^'  Brown,'"*  and 
Hartzell.^'-' 

TABLE   1.— ORGANISM   FIXniXCS    IX    SEVENTY  CASES  OF   PYORRHEA 

ALVEOLARIS. 

No.   Cases 
Organisms  Present 

Streptococcus 19 

Pneumococcus    ».  .      5 

B.    necrosis-dentalis    .  .  .  ^ 14 

M.   catarrhalis    23 

B.    septus    15 

Staphylococcus    aureus     12 

,Saccharon;yces    .'> 

Micrococcus   citreus-granulosis    (i 

Medalia's  reports  were  based  on  a  study  of  115  cases,  in 
which  a  careful  bacteriologic  investigation  a])pears  to  have  been 
carried  out.  The  series  included  fourteen  incipient,  sixteen  mod- 
erately advanced,  and  eighty-five  advanced  cases.  The  findings 
reported  are  as  given  in  Table  2. 

We  would  be  led  to  infer  from  these  results  that  the  pneumo- 
coccus is  the  most  imjiortant  organism  to  be  considered,  as  it  was 
found  either  alone  or  in  combination  in  107  of  the  lb")  cases  (93 
per  cent ) ,  and  the  streptococcus  only  an  occasional  invader,  as  it 
was  reported  as  being  present  in  only  fourteen  cases  (12  per 
cent.).  The  work  of  other  investigators  does  not,  however,  .sub- 
stantiate this  deduction.  Brown  in  forty-eight  cases  observed 
Streptococcus  t'lriihiiis  twenty-three  times,  hemolytic  streptococci 
thirty  times,  and  non-hcmolytic  streptococci  twenty-eight  times. 
I'neumococci  were  present  in  twenty-seven  cases,  staphylococci, 
dii)htheroids  and  organisms  of  the  Bacteriniii  Influenzae  group 
being  also  frequently  found. 

Hartzell's  work,  perhaps  the  most  convincing  of  any  that  has 
been  reported,  points  strongly  to  the  importance  of  the  strepto- 

17.  Medalia:  Boston  Med.  and   .Surg.  Jour.,   HJ7,  S68,  022;   Dental   Cosmos,  January- 
February,    191.3. 

18.  Brown:    New   Vcrk   Med.   Jour.,   191.'i,   1)S,    1201. 

19.  Hartzell:    St.    Paul   Med.  Jour.,    1916,   1«,   77;    Report    First   District    Dental   So- 
ciety of   the   Stale  of  -New  York,  Jour,    .\11ied  Dental   Societies,   M.irch,   1916. 
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coccus  in  pyorrhea.  His  observations  have  indicated  that  ap- 
proximately three-fourths  of  the  bacterial  content  of  pyorrhea 
pus  pockets  is  made  up  of  pyogenic  cocci  of  the  Streptococcus 
viridans,  and  staphylococcus  types,  and  the  remaining  one-fourth 
of  other  organisms.  Hartzell's  animal  inoculations  have  shown 
that  following  the  intravenous  injection  of  pus  from  pyorrhea 
pockets  streptococci  of  the  viridans  type  are  usually  recovered, 
occasionally  staphylococci. 

Personal  observations  relative  to  the  occurrence  of  strepto- 
cocci, staphylococci  and  pneumococci  in  pyorrhea  would  place 
streptococci  first  in  frequency,  staphylococcus  next,  pneumococci 
being  observed  in  only  a  small  percentage  of  cases. 

The  scope  of  this  paper  does  not  extend  to  a  consideration  of 
the  relationship  existing  between  pyorrhea  and  systemic  diseases. 
The  importance  of  oral  infection  in  metastatic  infections  of  the 
heart,  blood  vessels,  joints,  kidneys  and  other  tissues  is,  however, 
generally  recognized.  Hartzell  has  emphasized  the  fact  that  of 
the  organisms  found  in  the  mouth,  there  are  none  having  the 
varied  possibilities  for  disease  production  characteristic  of  the 
streptococcus  group.  Clinical  observations  as  well  as  the  results 
of  animal  inoculations  have  clearly  shown  that  in  the  remote 
pathologic  effects  of  oral  infection,  the  streptococcus  overshadows 
in  importance  all  other  organisms  which  may  be  present  in  pyor- 
rhea pockets. 

A  discussion  of  the  causative  factors  in  pyorrhea  necessarily 
involves  a  consideration  also  of  its  pathology.  Considering  in- 
terstitial gingivitis  and  pyorrhea  alveolaris  as  phases  of  the  same 
disease,  we  generally  recognize  that  bacterial  invasion  is  charac- 
teristic of  the  pus  stage  and  is  not  necessarily  present  in  cases  of 
interstitial  inflammation  without  pus.  The  bacterial  studies 
which  have  been  reported  are  based  largely  on  investigation  of 
cases  of  the  purulent  type.  The  occurrence  of  gingival  inflam- 
mation, without  infection,  as  the  result  of  trauma,  irritation  and 
constitutional  influences  during  the  non-purulent  inflammatory 
stage  of  the  disease  is  scarcely  open  to  question.  On  the  other 
hand,  the  conclusion  of  some  investigators  that  bacterial  invasion 
in  pyorrhea  is  invariably  a  secondary  factor,  infection  being  uni- 
versally absent  prior  to  the  pustular  stage  of  the  disease,  does  not 
seem  to  be  established.      An  infected  zone  around  the  root  of  the 
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tooth,  usually  due  to  acute  streptococci  infection,  may  exist.  It 
would  be  strange  indeed  if  this  were  not  so,  since  the  i)Oorly  pro- 
tected gingival  crevice  offers  a  splendid  opportunity  for  bacterial 
attack,  the  microbic  penetration  being  aided  by  the  formation  of 
calculi  on  the  roots  of  the  teeth  or  at  the  gingival  margin  and  the 
number  of  the  infecting  organisms  being  augmented  l)y  the  neglect 
of  oral  hygienic  measures. 

TABLE   2.— BACTERIAL    FLM)L\<;S    BY    MEDALL\   IN    Ur>    CASES  <JF 
I'VOKKHKA    ATAKOL  AKIS. 

Xo.  of  Cases  with        Per 

Incipient  Cases    (14;                                                                                              Organisms  Cent. 

Pneuniococcus   and   staphylococcus 10  71 

Pneumococcns ~  ^\ 

Staphylococus  and  streptococcus 1  ~ 

Sterile ' 1  ' 

Moderately    Advanced    Cases    (16) 

Pneuniococcus  and  staphylococcus 8  oO 

Pneuniococcus '^  ^ ' 

Staphylococcus ^  " 

Sterile 1  '' 

Far   Advanced   Cases    (85) 

Pneuniococcus  and   <-taphyl(i(<)ccus 49  ;>< 

Pneuniococcus ^8  31 

Staphylococcus ^  ^"f 

Pneuniococcus  and  streptococcus •'  _  ~ 

Pneuniococcus,  streptococcus  and  staphylococcus K'  ^2 

Pneuniococcus    and    Micrococcus    catarrha'is I  'y 

Staphylococcus    and    Micrococcus    catarrhalis 3  2-r- 

Sterile '  '"^ 

The  tendency  to  consider  any  etiologic  factor  in  pyijrrhea  as. 
an  entity  instead  of  in  relationship  to  other  influences  is  unfor- 
tunate. Irritation,  trauma,  metabolic  disturbances  and  microbic 
invasion  constitute  a  vicious  circle  in  the  development  of  alveolar 
diseases.  The  bacterial  element  is  probably  the  most  important 
element  in  the  destructive  tissue  changes  and  certainly  so  in  the 
serious  sequelae.  While  it  is  impossible  definitely  to  classify 
interstitial  gingivitis  or  even  pyorrhea  as  primarily  a  microbic 
disease,  the  pathology  is  intimately  associated  with  the  results  of 
bacterial  invasion  and  the  adequate  consideration  of  its  treatment 
must  necessarily  recognize  the  importance  of  the  infectious 
element. 
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COMPARATIVE    STUDY    OF    BACILLUS    ANTHRACIS- 
SYMPTOMATICI  AND  ALLIED  ORGANISMS 
Wn  H  RESPECT  TO  GAS- 
PRODUCTION.* 

By  L.  C.  Todd. 

(From    the   Research    LaI)or;u<iry    of   Parke,    Davis   and    Co.,    Detroit,    Michigan.) 

The  question  of  the  differentiation  of  the  bacillus  of  sympto- 
matic anthrax  from  that  of  malignant  edema  often  arises.  The 
fact  that  both  possess  the  ability  to  produce  gas  when  grown  in 
carbohydrate-containing  media,  suggested  that  this  characteristic 
might  be  used  in  differentiation.  A  study  of  the  literature  re- 
vealed such  a  paucity  of  data  in  this  field  that  further  work 
seemed  necessary. 

In  this  communication  attention  has  been  confined  largely  to 
the  production  of  carbon  dioxid  and  hydrogen  and  to  their  ratios. 
Work  has  also  been  done  on  the  production  of  hydrogen  sulfid 
and  on  seyeral  other  biochemical  characteristics,  such  as  the  pro- 
duction of  methyl  mercaptan,  indol,  and  acids,  and  the  action  on 
nitrates.    This  work  will  be  the  substance  of  a  later  report. 

The  sources  of  the  various  strains  are  recorded  in  Table  1.  Attention 
was  paid  especiallj'  to  the  two  organisms  mentioned,  but  several  allied 
organisms  were  included  for  the  sake  of  comparison.  A  very  active  gas- 
producing  strain  of  B.  coli  was  used  as  a  control. 

Sugar-free  broth  was  prepared  by  allowing  an  active  strain  of  B.  coli 
to  grow  in  regular  beef  infusion  for  18  hours.  The  medium  was  then 
boiled  20  minutes  and  filtered,  and  2%  Witte's  peptone  and  0.5%  sodium 
chlorid  added.  It  was  then  titrated  and  adjusted  to  a  reaction  neutral  to 
phenolphthalein.'  The  medium  was  sterilized  fractionally  for  30  minutes 
at  100  C.  on  each  of  3  successive  days. 

Control  inoculations  in  this  sugar-free  broth  were  made  with  a  strain 
of  B.  coli  which  produced  large  quantities  of  gas  in  media  containing 
dextrose,  levulose,  galactose,  arabinose.  mannose,  rhatnnose.  xylose,  lac- 
tose, maltose,  saccharose,  raftinose,  sorbite,  dulcite,  mannite,  and  salicin ; 
and  also  with  a  strain  of  B.  mucosus-capsulatus  that  produced  gas  in 
media  containing  de.xtrose,  levulose,  galactose,  mannose,  lactose,  maltose, 
saccharose,  dextrin,  and  glycerin.  In  these  controls  no  gas  was  produced 
during  10  days'   incubation. 


•   Received    for   publication    October    IS,    1916. 
^   Standard  Methods  of   Water  Analysis,   1912. 
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TABLE    1 
The   Sources  of   the   Strains   Studied 


Organism  aod  Strain  No. 


B.   anthracissymptoraatici 


B.    oedematis-raaligni 


B.  oedematis-maligni  II   ... 

B.   botulinus 

Ghon-Sachs   bacillus    


B.    coll    (DeSnoo). 


421 
485 

558 

560 
1 
1 
1 


Source 


Blackleg    vaccine    from    D.    S.    Dept.    of    Agriculture, 

Washington,   D.   C. 
An  American   commercial  blacirieg   vacdne  virus 
.A.    tube   of    blackleg    virus    (desiccated    blackleg   meat) 
received  from  Dr.  G.  W.  Dunphey.  state  veterinarian, 
Lansing,  Mich. 
Culture  from  symptomatic   anthrax,   received   from  Dr. 

V.   A.   Moore,  Cornell  Onlversity,  Ithaca,  N.   Y. 
A  ■Prench  commercial  blackleg  vaccine  virus 
A  French  commercial  blackleg  vaccine  virus 
An  .American  commercial  blackleg  vaccine  virus 
Culture    received    from    an    American    commercial    lab- 
oratory 
Culture   received    from   Br.    F.    G.    Xovy,    University    of 
Michigan,   Ann   Arbor 


Culture  received  from  the 

can  Museum  of  Natural 
Culture  received  from  the 

can  Museum  of  Natural 
Culture  received  from  the 

can  Museum  of  Natural 
Culture  received  from  Dr. 
Culture  received  from  Dr. 
Culture  received  from  Dr. 
Culture    received    from   Dr. 

California,  Berkeley 
Culture  received    from    DVy 

laboratory,  Rotterdam 


culture  bureau  of  the  Amerl- 

History,  New  York  City 
culture  bureau  of  the  Ameri- 

History,   New  Y'ork   City 
culture  bureau  of  the  Amerl- 

History,  New  York   City 

F.   G.   Novy 

Novy 

Novy 

K.  F.   Meyer,  University  ol 

Poels,   Holland  state  serum 


This  broth  was  then  used  as  the  bearer  of  the  various  carbohydrates. 
These  were  added  in  1%  proportion  and  the  resuhing  media,  in  250-c  c. 
flasks,  were  heated  30  minutes  in  flowing  steam,  filled  into  sterile  fermen- 
tation tubes,  heated  in  the  tubes  for  another  30  minutes  in  flowing  steam, 
and  then  incubated  4  days  to  reveal  contamination.  It  was  found  by 
this  method  that  sterilization  was  accomplished  with  slight  hydrolysis  of 
the  various   carbohydrates. 

Baseless  fermentation  tubes,  holding  12  c.c.  of  media  when  filled  to 
a  convenient  height,  were  used.  These  were  readily  handled  in  special 
racks  holding  18  tubes  each.  They  stood  in  such  position  that  the  closed 
arm  was  always  upright  and  could  not  be  jarred  loose  from  this  position 
during  handling  of  the  racks. 

The   following  carbohydrates,   alcohols,   and   glucosids"   were   used : 

Monosaccharids — de.xtrose,     levulose,     galactose,     arabinose,     mannose, 

rhamnose.   xylose. 
Disaccharids — lactose,   maltose,   saccharose. 
Trisaccharid — raffinose. 

Polysaccharids — dextrin,    inulin,   glycogen,   starch. 
Alcohols— the  trihydric,  glycerin;   the  pentahydric,   adonite;   the  hexa- 

hydrics,  sorbite,  dulcite,  and  mannite. 
Glucosids — salicin.  amygdalin,  phlorizin. 

The  polysaccharids  dissolved  with  some  difficulty.  Soluble  starch,  accord- 
ing to  Lintner,  was  employed.  The  carbohydrates  were  of  the  best 
quality  obtainable. 

'  Hawk,  Physiological  Chemistry,  1914,  p.  25.  Eyre,  Technique  of  Bacteriology, 
1913,   p.    178. 


23 

The  experiment  was  made  completely  twice  over,  as  indicated  in 
Tables  2  and  3.  In  the  first  trial,  as  seed  of  the  various  strains,  4-day-old 
cultures  in  Martin's  broth'  were  used.  These  strains  had  been  carried 
as  stock  cultures  in  ^lartin's  broth  under  hydrogen,  the  interval  of  trans- 
plant having  been  6  days.  In  the  second  trial,  the  seed  cultures  had  been 
trained  for  2  generations  in  the  plain  sugar-free  broth  prepared.  Other- 
wise, the  conditions  were  maintained  as  nearly  as  possible  the  same  in 
both  experiments. 

Inoculation  of  fermentation  tubes  was  made  b}'  the  pipet  method.  4 
drops  of  the  sediment  emulsion  being  used,  which,  in  the  case  of  the 
spore-bearers,   contained   enormous   numbers  of   spores. 

Readings  were  taken  everj-  24  hours,  and  gas  levels  marked  with 
water-proof  hard-drying  carbon  ink.  Readings  were  made  for  at  least 
11  consecutive  days.  Gas  in  the  closed  arm  is  indicated  in  the  tables  in 
percentage  of  total  height  of  colurnn.  Less  than  5%  is  designated  + 
because  amounts  less  than  that  can  be  estimated  onlj'  approximately. 
Readings  were  made  bj^  means  of  a  finely  graduated  gasometer  at  the 
back  of  the  tube  and  to  the  bottom  of  the  meniscus.  Carbon  dioxid  was 
determined  by  absorption  with  2%  sodium-hydroxid  solution. 

In  figuring  out  the  so-called  gas  coefficients,  the  formula 
CO,/H  was  used.  This  directs  special  attention  to  the  carbon 
dioxid  produced,  since  the  resulting  figure  gives  at  a  glance  a  com- 
parative estimate  of  the  carbon  dioxid  in  proportion  to  the  resid- 
ual gas,  which  is  largely  hydrogen,  though  there  is  probably  some 
methane  in  it  also.^  The  greater  the  factor,  the  greater  the  pro- 
portionate amount  of  carbon  dioxid  produced. 

For  all  practical  purposes  the  coefficients  obtained  with  gas 
of  less  than  10 /c  mean  little,  unless  there  is  a  decided  reduction 
in  volume  when  the  carbon  dioxid  is  absorbed.  Even  a  slight 
reduction — 1% — in  the  amount  of  gas  in  the  closed  arm  is  de- 
tectable and  measurable,  but  most  emphasis  should  be  placed  on 
the  coefficients  obtained  from  gas  produced  in  larger  amounts. 

During  tlie  sodium-hydroxid  treatment,  reduction  of  the  gas 
volume  present,  in  the  small  as  well  as  in  the  larger  amounts, 
indicates  the  presence  of  carbon  dioxid  and  is  of  value  as  sug- 
gesting the  splitting  up  of  carbohydrate  material.  In  this  experi- 
ment in  w-hich  so-called  sugar-free  broth  was  used  as  control  on 
the  sugar  media,  gas  was  produced  by  the  majority  of  the  strains. 
In  no  case  was  there  even  a  suggestion  of  reduction  of  volume 
during  the  sodium-hydroxid  treatment.     There   was  no  carbon 


*  Besson,   Bacteriolop>',  Microbiologj-   and   Serum  Therapy.   1913,   p.   33. 
*Besson,   Bacteriology,  Microbiology  antl   Serum  Therapy,  1913,  p.   555. 
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COMTARISON        OK        RESULTS       IN        GaSPkODUCTION        FROM        SUGARS        BY        BACILLUS        AnTHRACIS- 

Syuptomatici    and   Allied    Organisms  * 


f      ITT 
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0   17 
+   17 
+   17 
5   17 
5   17 
15 

+   12 
10   12 
12   12 
12   12 
12   12 
12 

0   8 
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x=-=0.43 
7 

2 

x=-=0.4 
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7 
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0    6 
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7 
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7 
x=-  =0.53 
13 
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7 
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S 
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6 

5 
x=-=0.33 
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7 
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20 
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80 
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27 
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2 
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5 
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8 
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5 

3 
x=-=0.43 
7 

12 
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8 

0 
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10 

0 
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5 
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33 
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12 
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7 

0   10 
5   10 
5   10 
7   10 
7   10 
7   10 

0   7 
+    7 
6   7 
5    7 
5    7 
8 
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5 
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25 
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12 
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7 
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6 
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25 

15 
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10 

3 
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15 
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5 
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*  Readings  made  every  24  hours   for  11  days,     .'imount   of    gas    produced    indicated    in    percentages.       Less    than    5%    Is 
designated  +.  x  =   CO2/H. 

I'ninoouhueri  control  tubes  of  all  imnlia  wore  uet't'ti'-'e  throughout  the  11  days'  jucubatloD. 
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TABLE    2.— Continued 
OF     Results     in     Gas  Production     moM      Si'oars     bv     Bacillus     Antmhacis- 

SVMPTOHATICl      ANO     ALLIED     ORGANISMS  * 


Ulyco- 

1     fen 

Starcb 

Glyc- 

eriD 

Ado- 

nltc 

Sor- 
bite 

Dul- 
cite 

Man-           Rhnm- 
nitc             noEe 

Sail- 
do 

Amyg- 
dalin 

Phlori- 
zin 

Cnrbohy- 

draie-tree 

liroth 
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TABLE   2.— Continued 

Comparison     op     Results    in     Gas-Phoduction     from     Sucahs    by     Bacillus     Antbracis- 
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10       11 

11 

0 
0 

+ 
-t- 

5 

7 

7 
8 
8 
8 
8 

0    30  33 

-1-     32 
12     32 

25  32 

26  33 
29     33 

0      10 
0      10 
0      10 
-1-       10 
8      10 
8 

0       0 
0       0 
0        0 
0       0 
0        0 
0 

0      13 
0      13 
8      13 
13      13 
13      13 
13 

0 

x=— =0 

+ 

1 
x=-=0.17 
6 

x=0 

0 

x=-=0 

9 

0 
x=— 

s 

=  0 

8 

x=-=0.44 
18 

1 

x  =  -=0.1 
10 

0 

x=— 

t 

=0 

8 

x  =  -=0.32 
25 

0 

x=-=0 

10 

x=0 

0 

x  =  -  =  0 

13 

;54 


TABLE    2.— Continued 
Comparison     of     Results     in     Gas-Production     from     Sugars     by     Bacillus 
Symptomatici    and    Allied    Organisms  * 


Dex- 
trose 


Levu- 
lose 


Galac- 
tose 


Arabl- 
nose 


Man- 
nose 


Rham- 
nose 


Xylose 


Lac- 
tose 


Mai 
tose 


Saccha- 
rose 


Raffi 
nose 


Dex- 
trin 


B.  oedematis-maligni,  I 


10    20 
13    20 


0 
x=-=0 


x=-=0.33 
3 


x=— =0.4 
10 


x=-=0 
8 


0 

10 

7 

10 

10 

10 

10 

13 

10 

13 

10 

3 

X  =  — 

=03 

10 

-1- 

18 

10 

18 

IS 

]» 

15 

19 

15 

19 

17 

14 

x=  — 

=  2.8 

5 

10 

x=-=055 

18 


B.  oedematis-maligni,  11.  (NoTy  1-ME  II) 


0 

15 

0 

12 

0 

8 

0        5 

0 

0 

0 

8 

0 

6 

0 

6 

0 

26 

0 

+ 

0 

6 

0 

5 

-f 

16 

+ 

14 

+ 

8 

-1-         5 

0 

4 

0 

8 

0 

8 

-1- 

6 

8 

26 

-1- 

5 

-t- 

6 

0 

5 

H 

Ifi 

+ 

15 

6 

« 

+         5 

0 

i 

-f- 

8 

+ 

8 

5 

6 

15 

27 

+ 

6 

+ 

6 

-f 

5 

11 

lf> 

7 

1« 

7 

8 

-1-         6 

0 

4 

-f 

8 

5 

8 

5 

e 

20 

27 

+ 

6 

+ 

6 

+ 

5 

13 

IK 

7 

16 

7 

8 

6        5 

()• 

4 

7 

8 

6 

8 

6 

6 

2a 

27 

+ 

6 

+ 

6 

+ 

b 

15 

10 

7 

5 

0 

8 

6 

6 

25 

+ 

+ 

i> 

1? 

9 

2 

2 

1 

0 

2 

0 

21 

1 

1 

0 

x=— 

=3 

x=— 

=  1.3 

x  =  — 

=0.33 

x=-=0.67 

x=— 

=  033 

x  =  — 

=  0 

x  =  — 

=0.33 

x  =  — 

=  0 

x=— 

=3.5 

x=— 

=  0.25 

x=— 

=0.2 

x=— 

=0 

4 

7 

6 

3 

3 

8 

6 

6 

6 

4 

b 

5 

0 

13 

0      12 

0 

5 

0 

5 

0 

6 

0 

5 

0 

S 

0 

7 

0 

15 

0 

10 

+ 

5 

0 

7 

5 

14 

-1-       14 

-1- 

5 

-1- 

5 

^- 

6 

-1- 

5 

-f 

8 

-f 

7 

-1- 

17 

+ 

10 

-t- 

5 

0 

7 

8 

14 

-1-       14 

+ 

5 

+ 

5 

-f 

6 

-t- 

5 

4- 

« 

-t- 

7 

8 

19 

6 

10 

5 

b 

+ 

7 

10 

14 

5      15 

+ 

ft 

+ 

6 

5 

6 

+ 

5 

6 

8 

5 

7 

10 

19 

7 

10 

5 

b 

+ 

7 

10 

14 

8      15 

5 

5 

+ 

6 

5 

6 

+ 

5 

7 

H 

5 

7 

12 

19 

8 

10 

5 

5 

6 

7 

12 

10 

5 

5 

6 

5 

7 

5 

13 

8 

5 

6 

9 

10 

1 

0 

0 

0 

2 

1 

11 

2 

0 

0 

x=— 

=  1  R 

x=-=2 

x=— 

=  0  25 

x  =  — 

=  0 

x  =  — 

=n 

x  =  — 

=  0 

x  =  — 

=  0.33 

x=— 

=u.i; 

x  =  — 

=  1.37 

x=— 

=  0.25 

x  =  — 

=  0 

x=— 

=0 

5 

6 

4 

6 

6 

5 

6 

6 

8 

U 

5 

; 

B.  coli  (control) 


33      55 

67 

70 

8      61 

60      78 

70      68 

20      50 

37       75 

65      77 

28      83 

45 

88 

42      90 

0 

5 

48      56 

70 

71 

30      65 

72      77 

71      68 

40      52 

65      80 

73      77 

63      80 

62 

90 

75      90 

-1- 

b 

51      58 

71 

71 

38      67 

78      75 

71       68 

45      52 

70      77 

76      75 

70      78 

75 

90 

90      88 

+ 

t> 

55      60 

73 

72 

48      70 

80      75 

72      68 

48      50 

73      73 

78      75 

83      76 

8b 

90 

90      88 

+ 

5 

55      63 

70 

72 

53      72 

78      72 

70      68 

48      50 

72      73 

77      75 

87      73 

88 

90 

90      88 

+ 

5 

55 

70 

58 

78 

68 

50 

75 

77 

87 

88 

90 

b 

30 

30 

44 

27 

28 

20 

26 

35 

41 

48 

48 

0 

x=— =0.90 

x=— 

=0  71 

x=-=1.57 

x=-=0.6 

x=-=0.7 

x=-=067 

x  =  -=0.55 

x=-=0.9 

x=— =1.28 

x=— 

=  1.14 

x=-=1.2 

x= — 

=  0 

33 

42 

28 

45 

40 

30 

47 

40 

32 

42 

40 

5 

35 


TABLE    3.— Continued 

Comparison     of     Resuits     in     Gas-Production     from     Sugars     bv     Bacillus    Ahthracis- 

Symptomatici    and    Allied    Organisms  * 


Glyco- 
gen 


Glyc- 
erin 


Ado- 
□ite 


Sor- 
bite 


Man- 
nite 


Sali- 
cin 


Amyg- 
dalio 


Phlori- 
zin 


Plain 
Carbohy- 
drate-free 

Broth 


B.  oedematis-maligni,  I 


0 

f! 

n 

7 

0 

8 

0   32 

0 

5 

0  14  20 

0 

5 

0 

7 

0 

5  8 

0   5 

0 

0 

0   8 

0 

-1- 

7 

+ 

« 

+       34 

0 

5 

+     17 

0 

5 

0 

0 

0 

5 

0    7 

0 

0 

0   8 

+ 

7 

-1- 

7 

5 

8 

20   34 

-1- 

5 

6  17 

+ 

5 

+ 

9 

0 

5 

0    7 

0 

-1- 

+        8 

+ 

7 

-1- 

7 

5 

8 

25   37 

+ 

5 

10  17 

+ 

5 

5 

U 

•f 

7 

+        7 

0 

-1- 

-4-   8 

+ 

7 

-f 

7 

« 

8 

28   37 

+ 

6 

12  19 

+ 

5 

7 

!> 

+ 

8 

-1-    7 

0 

+ 

6   8 

6 

+ 

8 

30 

6 

14  20 

5 

7 

6 

8 

+ 

0 

6 

1 

n 

0 

11 

0 

8 

0 

0 

0 

0 

0 

0 

x  =  — 

^ni7 

x  =  — 

=n 

x=  — 

=n 

x  =  -  =  042 

x=— 

=0 

x  =  -=0.67 

x  =  — 

=0 

x=— 

=0 

x=— 

=0 

x=-=0 

x=— 

=0 

x=-=0 

6 

7 

8 

26 

5 

12 

5 

9 

8 

7 

-f 

8 

B.  oedematis-maligni,  II,  (Novy  i-MF  II) 


0 

- 

0 

+ 

0 

7 

0   30 

0 

7 

0  12  15 

0 

8 

0 

10 

0   5  10 

0 

9 

0 

0 

0 

0 

7 

0 

-1- 

5 

7 

0   35 

0 

7 

-1-  13 

0 

8 

0 

10 

0   8 

0 

10 

0 

0 

0 

+ 

7 

0 

+ 

5 

7 

-t-   40 

0 

7 

8  13 

-f 

9 

+ 

10 

0   8 

0 

10 

0 

0 

-1- 

+ 

+ 

+ 

7 

7 

13   43 

+ 

7 

9  13 

5 

» 

7 

10 

+      8 

+ 

10 

0 

0 

+ 

+ 

7 

+ 

+ 

7 

7 

19   43 

+ 

7 

10  14 

8 

9 

8 

10 

+      9 

8 

10 

0 

0 

+ 

7 

+ 

7 

24 

7 

12  15 

8 

8 

5  10 

9 

0 

ti 

0 

n 

0 

16 

0 

5 

0 

1 

0 

0 

0 

x  =  — 
7 

=0 

x=— 

4- 

=  0 

x=— 

7 

=0 

x  =  -  =  0.6 
27 

x=— 

7 

=0 

x=-=0.5 
10 

x  =  — 

9 

=  0 

x  =  — 
9 

=  0.11 

x  =  -=0 
10 

x  =  — 

10 

=0 

x  = 

=0 

x=— 
7 

=0 

0  + 

0 

+ 

0 

0 

0   22 

0 

■4- 

0  13  ?3 

0 

5 

0 

10 

0 

5  8 

0 

8 

0 

0 

i   0   10 

0  + 

-f 

+ 

0 

0 

0   23 

0 

6 

-1-  15 

0 

6 

0 

10 

0 

7 

0 

9 

0 

0 

0   10 

+     + 

4- 

+ 

0 

0 

10   25 

0 

« 

8  17 

-t- 

6 

-1- 

10 

0 

7 

0 

» 

0 

0 

'  +       10 

+     + 

-t- 

+ 

0 

0 

15   28 

•f 

6 

10  19 

-1- 

6 

8 

10 

-t- 

7 

-t- 

!> 

0 

0 

5   10 

+     + 

+ 

+ 

0 

0 

17   28 

+ 

6 

11  21 

5 

6 

9 

10 

+ 

8 

& 

9 

0 

0 

1   8   10 

+ 

+ 

0 

20 

+ 

13  23 

5 

9 

+ 

8 

7 

0 

1   ^ 

0 

0 

10 

0 

11 

0 

1 

0 

0 

1   » 

x=-=0 

x  =  — 

=0 

=0 

x=-=0.55 

x  =  — 

=  0 

x  =  -=092 

x  =  — 

=  0 

X  -  - 

=  U.11 

x=  — 

=0 

x=— 

=0 

x  = 

=0 

|x  =  -=0 

-t- 

+ 

18 

6 

12 

6 

9 

8 

9 

10 

B.  coli  (control) 


0   -H 

0 

ft 

0   18 

0 

0 

0 

0 

64  83 

0   95 

50   73 

0  51 

0 

0 

0 

0 

0   7 

0  + 

-f 

5 

0   38 

0 

0 

0 

0 

90  84 

65   95 

75   75 

0  52 

0 

0 

0 

0 

0    7 

+        + 

■f 

5 

0   47 

0 

0 

0 

0 

90  81 

90   95 

76   73 

35  52 

0 

0 

0 

0 

4-    7 

+       + 

+ 

5 

0   50 

0 

0 

0 

0 

87  77 

92   90 

75   73 

48  50 

0 

0 

0 

0 

5    7 

-t-   -1- 

+ 

5 

-f   60 

0 

0 

0 

0 

82  77 

92   90 

71   73 

48  60 

0 

0 

0 

0 

7    7 

-f 

+ 

7 

0 

0 

83 

95 

73 

51 

0 

0 

7 

0 

n 

11 

20 

25 

23 

IS 

0 

x  =  -=0 

X-  — 

-n 

X— 026 

x  = 

-n 

X- 

^n 

X-  -=0  35 

x=^=0  3! 

x=-  =  146 

x=-=0« 

X- 

=0 

X: 

=0 

x  =  -=0 

-H 

5 

39 

5f 

65 

50 

35 

1 

7 

30 

TABLE     4 
Summarized   Readings   Taken    From   Table   3 


Dextrose 
CO2   H 

Levulose 
CO2    H 

Mannose 
CO2   H 

Maltose 
CO2   H 

Saccliaroae 
CO2  H 

B  anthracis-symptomaticl.. 

f  2 
3 
4 
5 
6 
10 
12 
48 
60 

16     16 

40      12 
40      20 

23  10 

42  18 

24  9 
6        5 

32        8 

43  10 

264    102 

29.3       11.3 

40.6 

2.69 

49      20 
60      12 
36      14 
21      13 
64      22 
60      13 
8        6 
20        8 
58      12 

346    120 

38.4       13.3 

61.7 

2.9 

4      10 
8     14 
4        5 

2  S 

3  10 

2  7 

3  9 
3        9 
1        6 

30      78 

3.3       8.4 

11.7 

0.39 

36     12 
87     13 

43  22 
28      18 

44  17 
55      22 
33      18 
41      13 
57      18 

374    153 

41.6       17 

58.6 

2.56 

0        5 
2        9 

2  10 
8      12 
8        7 

3  12 

0  11 

1  7 

2  9 

16      84 

1.8       9.3 

11.1 

CO->/H 

0.19 

8      16 
24 
0.6 

3       7 

10 

0.42 

0        0 
0 
0 

6      18 
24 
0.33 

0       8 

8 

"CO'/H 

0 

B.  oedematis-maligni , 

421 
485 
558 
560 

21      10 
14      10 
12        8 
5        3 

52      31 
13        7.8 

20.8 
1.68 

10  5 

11  9 
9        5 

15        5 

45      24 
11.8        6 

17.3 
1.88 

i       9 

2  10 

3  12 

4  10 

14      41 

3^       10.3 

13.6 

0.32 

13  52 
33      17 
51      18 

14  5 

111      92 
27.8       23 
50.8 
1.2 

4      11 
3      10 
2      11 
10      18 

19      50 

4.8       12.5 

17.3 

QO-/H     

0.38 

12       4 
16 
3.0 

9       7 
16 
1.3 

1        3 

4 
0.33 

21        6 
27 
3.5 

1        4 

5 

CO^/H 

0.25 

9        5 
14 

1.8 

10       5 

15 
2.0 

0       6 

6 
0 

11        8 
19 
1.38 

2        8 

10 

CO-'/H        

0.25 

30      33 
63 
0.97 

30      42 

72 

0.71 

28      40 

68 

0.70 

41      32 
73 
1.28 

48      42 

90 

1.14 

dioxid  present,  but  the  gas  formed  was  explosive  when  mixed 
with  air.  In  the  first  trial,  conducted  like  the  second  except  for 
the  difference  in  seed  cultures,  the  same  strain  of  B.  coli  and 
several  other  strains  produced  no  gas  from  the  broth  during  11 
days'  incubation.  In  the  second  trial,  for  which  the  seed  used  had 
been  grown  and  trained  (with  some  difficulty)  in  the  sugar- free 
broth,  colon  bacilli,  as  well  as  the  majority  of  the  spore-bearing 
anaerobes,  produced  gas  from  the  broth,  as  is  shown  in  the  tables. 
This  suggests  the  influence  that  training  of  the  stock  cultures  may 
have  on  the  gas-producing  characteristic. 

Our  results  thus  far  show  that  the  minor  sugars,  etc.,  are  of 
little  value  in  the  dififerentiation  of  the  strains  on  the  basis  of 
total  production  of  gas.  Strains  of  the  same  organism  obtained 
from  various  sources  differ  from  one  another  considerably  in 
their  ability  to  attack  the  several  carbohydrates   and   form  gas 


TABLE    4.— Continued 
Summarized   Readings  Taken    From   Table   3 


Glycerin 

Sorbite 
CO:    H 

Salicin 
CO:    H 

General  Average 

CO:    H 

Av.  Total 

COi 

H 

CO2/H 

0      10 

85      21 

3      10 

30.7 

17.8 

12.9 

1.38 

0       8 

4      11 

2      10 

29.0 

17.9 

11.1 

1.00 

0      11 

4      14 

4      18 

30.9 

16.6 

14.3 

1.17 

0      13 

4       10 

0      13 

22.2 

10.1 

12.1 

0.84 

0        9 

13       20 

0        5 

32.8 

19.9 

12.9 

1.54 

0      11 

14      21 

19      23 

34.4 

18.4 

16.0 

1.15 

0        9 

9      22 

4       23 

20.7 

7.8 

12.9 

0.60 

0        8 

47      21 

5      20 

30.4 

18.6 

11.8 

1.57 

0      10 

8       18 

0        5 

32.1 

21.1 

17.0 

1.92 

0      89 

138     15S 

37     127 

0           9.9 

15.4        17.6 

4.1        14.1 

29  4 

16.7 

12.7 

1.32 

9.9 

33 

18.2 

0.0 

0.9 

0.28 

0      + 

0        0 

0        0 

8.6 

2.1 

6.5 

0.33 

+ 

0 

0 

0 

0 

0 

0        8 

6      18 

0      19 

23.8 

7.3 

16.5 

0.44 

11       16 

32      28 

3      28 

29.6 

13.6 

16.0 

0.85 

0        9 

8      18 

8      25 

24.9 

11.6 

13.3 

0.88 

11       26 

8      12 

0        8 

19.3 

8.4 

10.9 

0.77 

22      &9 

54      76 

11       80 

5.5        14.8 

13.5        19 

2.8       20 

24.4 

10.2 

14.2 

0.72 

20.3 

325 

22.8 

0.37 

0.71 

0.14 

16      27 

5      10 

0      10 

170 

8.1 

8.9 

0.92 

4S 

15 

10 

0.60 

0.50 

0 

10      18 

11       12 

0        8 

15.6 

6.6 

9.0 

0.76 

28 

23 

8 

0.55 

0.92 

0 

0        0 

20      57 

15      85 

61.6 

26.5 

35.1 

0.76 

0 

77 

50 

0 

035 

0.42 

from  them.  Again,  some  strains  i)roduce  a  certain  amount  of 
carbon  dioxid  while  others  produce  none.  Both  these  factors 
vary  somewhat  from  ex])eriment  to  experiment  in  the  carbo- 
hydrate media  witli  which  only  small  amomUs  of  gas  are  i)ro- 
duced. 

A  study  of  the  coefficients  obtained  with  the  carbohydrates 
from  which  the  larger  amounts  of  gas  are  formed — that  is,  dex- 
trose, levulose,  mannose,  maltose,  saccharose,  glycerin,  sorbite, 
and  salicin — shows  several  interesting  results.  In  general  it  may 
be  said  that  the  malignant-edema  strains  produce  less  total  gas, 
with  a  smaller  proportion  of  carbon  dioxid,  than  is  i)roduced  by 
the  symptomatic-anthrax  strains.  The  Ghon-Sachs  bacillus  i^ro- 
duces  only  a  small  amount  of  carl)()n  dioxid — with  most  sugars, 
none  at  all. 

W  ith    dextrose.    le\ulose,    ami    maltose,    .svmptomatic-anthrax 


38 
strains  produce  much  the  greater  amount  of  gas,  a  major  part  of 
which  is  carbon  cUoxid. 

With  glycerin,  symptomatic-anthrax  strains  produce  no  carbon 
dioxid  at  all,  while  malignant  edema  strains  do.  The  latter  also 
produce  twice  as  much  gas  in  this  medium. 

Malignant-edema-II  strains,  though  producing  a  smaller  amount 
of  gas,  produce  a  greater  proportion  of  carbon  choxid  than 
Malignant-edema-I  strains. 

The  gas  shrinkage,  especially  in  the  gas  of  B.  coli.  as  sug- 
gested by  Keyes,°  would  seem  to  be  largely  due  to  the  diffusion 
of  the  more  soluble  carbon  dioxid  through  the  liquid  to  the  open 
arm  where  the  concentration  is  nearly  zero.  He  finds  that  cultures 
of  B.  coli  in  a  vacuum  apparatus  show  a  larger  amount  of  gas  and 
a  larger  proportion  of  carbon  dioxid  than  do  cultures  of  the  same 
organism  in  ordinary  fermentation  tubes.  Since  the  action  of 
B.  coli  is  over  in  a  comparatively  short  time  and  the  collected  gas 
stands  for  several  days,  there  must  be  considerable  loss  by  diffu- 
sion. 

None  of  the  9  strains  of  the  bacillus  of  symptomatic  anthrax 
produced  more  hydrogen  than  carbon  dioxid  with  dextrose.  With 
this  sugar,  an  average  coefficient  CO2/H  of  2.59  was  obtained,  a 
result  contradicting  the  statement  of  Franklin  and  Haslam,"  that 


TABLE     5 
Results  of  Tests  for  Substances  Giving  Rise  to  Characteristic  Putrid  Odors  in  Cultures 


Strain    No. 

Hydrogen 

Methyl 

Indol 

Sulfid 

Mereaptan 

2 

+ 

+ 

+  +  + 

3 

+ 

+ 

++ 

4 

+ 

+ 

++ 

5 

+ 

+ 

++ 

6 

+ 

_ 

+  ^ 

10 

+ 

_ 

+ 

12 

+ 

+  (faint) 

+ 

48 

+ 

+  (faint) 

+ 

60 

+ 

+ 

+ 

GhoD-Sachs  bacillus 

1 

— 

— 

-(- 

421 

+ 

+ 

-1- 

B.  oedematis-inaligDi 

485 

+ 

+ 

+  + 

568 

+ 

+ 

++ 

560 

+ 

+ 

+  + 

+ 

+ 

+ 

B.  botulinus 

+ 

+ 

B.  coli 

— 

-4- 

+  +  + 

+ 

+  (faint) 

+ 

Tests  used:    for   hydrcgen  sulfid,   the  lead  acetate   test;    for   methyl   mereaptan,   the 
isatin   test";   for  indol,   Salkowski's  reaction. 


5  Jour.    Med.   Research,  1909,  16,  p.    73. 

"  Franklin   and   Haslam,   Jour.  Infect.   Dis.,    1916,    19,    p. 

'   Bauer,  Ztschr.   f.  physiol.  Chem.,   1902,  35,  p.   346. 


blackleg  al\vay.s  produces  more  hydrogen  tlian  carbon  dioxid  with 
this  sugar.  It  is  not  stated  in  their  communication  at  what  stage 
in  the  fermentation  the  gas  was  analyzed ;  a  premature  reading, 
such  as  one  '\2  hours  after  inoculation,  would  give  a  different 
carbon-dioxid  factor  from  that  obtained  at  the  end  of  gas-produc- 
tion. Also  the  arbitrary  use  of  a  4%  sugar  medium  may  have 
had  some  inHuence  on  the  factors  obtained. 

Emphasis  has  frcciuently  been  placed  on  tlic  characteristic 
odor  of  symptomatic-anthrax  cultures  as  a  means  of  differenti- 
ating them  from  those  of  malignant  edema. "'•  ^  The  general 
opinion  is  that  cultures  of  sym|)tomatic  anthrax  are  of  an  aro- 
matic acid  odor.  j)articular]\-  like  that  of  but_\ric  acid,  while  those 
of  malignant  edema  are  of  a  vile  putrid  odor.  The  results  of  the 
olfactory  test  on  our  cultures  agree  with  this  general  opinion 
when  applied  to  Noung  cultures,  but  with  old  cultures  the  reverse 
obtains.  However,  tests  made  for  the  substances  credited  with 
the  production  of  the  vile  odor — indol,  hydrogen  sulfid,  and 
methyl  merca])tan — show  that  strain  members  of  both  the  symp- 
tomatic-anthrax and  malignant-edema  groups  originate  these 
substances. 

SUMMARY. 

B.  anthracis-symptomatici  produces  more  gas  from  dextrose, 
levulose,  and  maltose  than  B.  oedematis-maligni,  and  a  greater 
proportion  of  this  is  carlion  dioxid.  This  is  illustrated  in  the  fol- 
lowing summarized  table  (averages  for  9  strains  of  B.  anthracis- 
symptomatici,  and  for  4  strains  of  B.  oedematis-maligni). 


I       Dextrose      i 


Average 


B.   nnthracis-symptotuatici 

CO* 

29.30                      38.4 
11.30                      13.3 
40.60                         51.7 
2.59                           2.9 

41.60 
17.00 
5S.60 
2.56 

36.40 

H 

13.90 

Total  gas 

COc/H 

50.30 

■:  (;5 

15     o(!(leniatis-uialiEni 


C0» 

H 

Total  gas. 
00*/H.... 


13.00 

11.30 

27.8 

17.30 

7.80 

6.00 

23.0 

12.80 

20.80 

17.30 

50.8 

■2s/.eo 

1.68 

l.bS 

1.2 

1.41 

^  vnii    Hiblcr,    llandl).    d.    pathogen.      Mikro    organisinen,    1912,    4,    p.    SOS. 
and   Zinsser.    Hacteriology,   p.    470. 
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Training  of  seed  cultures  influences  the  gas-production  of 
these  organisms  considerably. 

Substances  credited  with  the  putrid  odor  are  produced  in  cul- 
tures by  strain  members  of  both  groups. 

The  gas-production  of  most  of  tlie  strains  occurs  late  and 
progressively  up  to  about  the  10th  day.  In  some  media,  gas-pro- 
duction continues  to  a  slight  degree  for  some  time  after  this. 

An  explosive  mixture  of  gases,  apparently  containing  hydrogen 
and  no  carbon  dioxid,  may  be  produced  from  "carbohydrate-free" 
broth. 

101480 


Studies  from  the  Research  Laboratory 
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APPARATUS  FOR  USE  IN   EXAMINING  FECES  FOR 
EVIDENCES  OF  PARASITISM.^ 

By  Maurice  C.  Hall,  Ph.D.,  D.A'.M..  Di-.TRorr,  Micii. 

In  a  previous  paper. ^  later  reissued  \\ith  addenda,-  the  writer 
has  given  a  comparative  study  of  methods  of  examining  feces  for 
evidences  of  parasitism.  In  that  study,  the  various  methods 
which  had  been  advocated  were  described  and  it  was  pointed  out 
that  these  numerous  modifications  of  technic  had  as  their  object 
the  concentration  of  i)arasite  eggs  and  the  facihtation  of  the 
detection  of  the  eggs  or  of  other  parasitic  material,  such  as  seg- 
ments, entire  worms,  etc.  Such  concentration  is  obtained  by 
taking  advantage  of  the  differences  in  physical,  chemical,  and 
biological  properties  between  parasitic  and  non-parasitic  material. 
These  are  mostl\-  diff'erences  in  specific  gravity,  size,  physical, 
and  chemical  solubility,  adhesix  eness,  and  cajiacity  for  growth 
and  develo{)ment. 

In  comparative  tests,  the  writer  found  the  most  satisfactory 
])rocedure  to  lie  in  the  middle  course  between  the  old  and  crude 
smear  method  and  the  rather  elaborate  retinements  which  call  in 
the  use  of  various  chemicals.  A'ery  dependable  results  were 
secured  within  a  quite  reasonable  time  by  taking  advantage  of 
the  purely  physical  differences  existing  between  parasitic  and 
non-parasitic  material.  These  results  were  obtained  by  the  use 
of  screens  to  remove  coarse  material  and  use  of  a  liberal  amount 
of  water  to  remove  soluble  coloring  matters  and  tine  matter  in 
suspension.  The  use  of  some  apparatus  for  breaking  up  fecal 
masses  was  advocated,  and  also  the  use  of  a  centrifuge  to  save 
the  time  recpiired  for  sedimentation  of  sann)les. 

In  the  years  since  these  studies  were  ]»ublishe(l,  the  writer  has 
continued  to  tind  such  a  method  as  that  outlined  above  cjuite 
satisfactorv.  but  ha-^  found  certain  changes  in  the  apparatus 
advantageous.      The  method  1  am  using  at  present  is  as  follows: 

Rather  large  fecal  samples,  '1  or  :!  ounces,  are  used  wherexer 

*From  the  Kesearch  Lal;oratorv,   Parke,   Davis  and   Cnni|i;iny,   Dctrnit.    Mich, 
'fin.   Anim.    Tndust.    Hull,    l."?.),    1911,  Mi  pp. 
-Idem,   witli   addenda.    liMi,    40    pp. 
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possible,  instead  of  the  classical  sample,  "about  the  size  of  a 
walnut."  The  reason  for  this  is  that  in  a  general  \\ay  it  is 
desirable  in  our  work  to  ascertain  whether  any  i)arasitc;  are 
present,  not  merely  whether  there  is  a  massive  infestation.  By 
using  large  samples  and  concentrating  the  eggs  present,  it  is  pos- 
sible to  detect  very  light  infestations.  The  use  of  the  much 
simpler  smear  method,  taking  a  small  amount  of  fecal  matter  on 
the  end  of  a  toothpick  and  smearing  it  on  a  slide  with  a  drop  of 
water,  will  perhaps  serve  the  purposes  of  the  busy  practitioner 
who  cannot  take  the  time  and  trouble  to  use  more  accurate 
methods,  but  it  should  be  understood  that  the  chance  of  detecting 
light  infestations  in  this  way  is  much  less  than  where  the  more 
elaborate  methods  are  used.  Where  a  ]ihysician  is  primarily 
concerned  with  detection  of  massive  infestation  with  hookworm, 
the  smear  method  will  ])robably  serve  very  well,  especially  since 
there  will  be  clinical  indications  of  such  infestations  in  nearly  all 
cases.  But  even  here  it  should  be  noted  that  in  communities 
where  there  are  massive  infestations  with  hookworm,  there  will 
usually  be  simple  or  combined  infestations  with  ascarids,  Axhii^- 
worms,  Strongyloldcs  or  tapeworm  also  present,  and  it  is  desirable 
to  detect  these  even  in  light  infestations.  Ascarids  are  regarded 
as  rather  innocuous  by  some  physicians,  but  the  writer  \\()uld 
prefer  an  infestation  with  a  moderate  amount  of  hookworms  to 
an  infestation  with  ascarids  in  any  amount  from  one  up.  The 
large  size  and  wandering  habits  of  these  worms  make  them  a 
potential  source  of  serious  danger.  Cases  have  been  re[)orted 
where  these  worms  have  entered  the  ducts  of  the  liver  and  pan- 
creas, crawded  up  the  esophagus  and  down  the  trachea  to  the 
lungs,  or  through  the  eustachian  tube  and  out  of  the  ear  ;  where 
a  single  worm  has  caused  enterospasm  necessitating  operati\e 
relief ;  where  they  have  perforated  the  intestine  and  caused  peri- 
tonitis ;  and  even  the  not  uncommon  occurrence  of  vomiting  one 
or  more  of  these  worms,  which  are  about  the  size  of  a  lead  ])encil, 
is  a  prospect  one  might  well  face  with  hesitancy.  In  view  of 
these  facts  it  would  seem  as  well  worth  while  to  employ  means 
to  ascertain  with  the  greatest  possible  accuracy  whether  worms 
were  present,  as  to  employ  the  utmost  accuracy  to  ascertain 
whether  Plasinodiuiii  or  Trcponana  or  gonococcus  or  B.  tuber- 
culosis were  present.  In  any  case  accurate  information  is  the 
thing  sought. 


Large  fecal  samples  are  also  desirable  for  the  reason  that 
tapeworm  infestation  is  not  uncommonly  present  without  eggs 
being  present  in  the  feces.  It  occasionally  happens  that  segments 
of  tapeworms  are  present  and  can  be  detected  by  using  large 
sam])les  and  screening,  and  that  the  same  fecal  sample  will  show 
no  tapeworm  eggs  owing  to  the  fact  that  the  segments  have  not 
ruptured  and  released  the  eggs.  This  is  less  apt  to  be  the  case 
for  infestation  with  Tcenia,  owing  to  the  position  of  the  uterus  in 
that  species,  though  it  is  a  possibility  there  also,  but  is  not  uncom- 
monly the  case  for  such  cestodes  as  Dip  yl  Id  in  in,  where  the  eggs 
are  retained  in  egg  capsules  in  the  parenchyma  of  the  segment. 
In  addition  to  tapeworm  segments,  the  screens  will  occasionally 
retain  entire  nematodes  or  cestodes  which  are  being  passed,  and 
of  course  the  same  would  be  true  for  flukes. 

In  the  method  ])re\iously  given  for  fecal  examinations,  the 
writer  described  the  use  of  a  "milk  shaker,"'  of  the  type  where 
the  glasses  are  shaken  up  and  down,  for  use  in  breaking  up  fecal 
samples.  This  apparatus,  motor-driven,  was  very  satisfactory 
in  most  respects,  but  had  the  disadvantage  of  being  very  noisy. 
A  substitute  for  this  machine  was  found  in  the  newer  type  of 
mixer,  in  which  a  small  motor  drives  a  vertical  shaft  terminating 
at  the  bottcjm  in  a  smooth-edged  hexagonal  disk.  In  this  machine, 
which  is  shown  at  the  right  of  Fig.  1.  the  motor  head  is  lowered 
so  that  the  disk  is  near  the  bottom  of  the  inside  of  the  liottle 
containing  the  feces,  the  current  automatically  turning  on  and 
spinning  the  shaft  and  disk  as  the  motor  head  is  lowered.  This 
machine  seems  to  be  an  improvement  over  the  old  type  for  break- 
ing up  feces.  It  works  more  rapidly  and  is  practically  noiseless. 
It  does  not  damage  nematodes  or  isolated  tai)eworm  segments 
which  may  be  present,  though  it  does  sometimes  Itreak  tai)eworm 
strobike  which  may  be  in  the  feces.  For  the  purpose  of  breaking 
feces  to  release  contained  worm  eggs,  it  gives  entire  satisfaction. 
The  old  shaking  machine  worked  with  the  bottle  corked  and  was 
odorless  in  operation.  The  new  machine  works  with  the  bottle 
uncorked,  and  does  release  unpleasant  gases,  but  we  have  carried 
a  rubber  tube  from  the  suction  pipe  in  the  laboratory  and  termi- 
nated the  tube  in  a  small  funnel,  shown  in  the  illustration,  which 
is  held  by  rubber  bands  near  and  above  the  mouth  of  the  bottle, 
and  find  that  the  suction  serves  to  carry  away  ])ractically  all  of 
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the  odors.  The  bottles  used  have  a  capacity  of  400  mils,  and 
water  is  added  to  the  feces  to  make  the  total  c(jntent  about  300 
mils. 

The  feces  having  been  thoroughly  disintegrated  with  the 
mixer,  they  are  next  poured  through  a  set  of  sieves.  In  my 
former  papers  T  described  a  sieve  made  by  soldering  brass  screen- 
ing to  round  tin  pans  from  which  the  tin  bottoms  had  been  cut 
out  except  for  a  flange  to  which  the  screen  was  soldered.  Tn  the 
addenda,  I  noted  that  Dr.  Cobb,  of  the  United  States  Department 
of  Agriculture,  had  devised  some  oblong  screens  which  he  had 
found  satisfactory.  In  making  up  screens  for  work  here,  the 
round  form  was  abandoned  and  a  screen  which  is  approximately 
square  was  made  up  in  the  shops.  These  screens,  shown  in  Fig.  1 , 
are  of  copper,  with  inside  dimensions  about  7%  inches  (20  cm.) 
square.  They  are  made  of  two  co])])er  strips,  swaged  together  at 
two  diagonal  corners,  the  top  half  inch  of  the  metal  being  bent 
over  and  doubled  back  against  the  side  on  two  opposite  sides  to 
form  a  reinforced  rim,  and  being  bent  out  and  back  on  the  other 
two  sides  to  form  a  reinforced  flange  which  carries  the  sieve  in 
a  rack.  This  flange  is  ji  inch  wide.  The  copper  sides  are  two 
inches  high.  On  the  bottom  of  the  sieves  the  metal  is  bent  in  to 
form  a  flange  }i  inch  wide  for  the  attachment  of  the  brass  screen- 
ing, which  is  soldered  to  this  flange.  The  screens  used  have  mesh 
apertures  of  (i,  S,  10,  IT  16,  20,  (iO.  100  and  120  to  the  inch,  the 
latter  being  about  the  finest  screen  that  will  permit  of  the  passage 
of  the  eggs  of  practically  any  worm  parasite.  Each  sieve  has  a 
number  stamped  in  the  front  side  showing  the  number  of  mesh 
apertures  to  the  inch  in  its  screening.  A  solid-bottcjmed  copper 
pan,  of  the  same  shape  and  dimensions  as  the  screens,  completes 
this  part  of  the  equipment. 

In  previous  ])ublications,  the  writer  has  advocaLed  the  use  of 
a  set  of  screens  which  could  be  "nested,"  and  which  were  used 
in  this  fashion  ;  the  feces  were  poured  through  the  screens  when 
the  latter  were  set  one  within  another  in  proper  order  in  a  glass 
dish.  \\'hile  still  in  the  service  of  the  United  States  Bureau  of 
Animal  Industry,  I  abandoned  this  plan  in  favor  of  the  use  of  a 
rack,  similar  to  the  right-hand  one  of  the  two  racks  shown  in 
Fig.  1,  constructed  with  two  solid  board  sides  and  with  the  boards 
grooved  so  that  the  edges  of  the  circular  jxuis  could  be  slipjjed 
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into  the  grooves.  ^Vhv  saiiu-  ty])c  ul'  rack  stTvcs  c\en  heller  with 
the  ]")resenl  rectantiuhir  sieves,  and  has  licen  iiii]ir(»\e(l  in  llie  lefl- 
hand  rack  shown  in  I'ig.  I,  which  is  a  skclclon  ccjnslrnclion, 
Hghter  and  less  inclined  to  \\ar]».  ihis  killer  rack  is  made  of  four 
upright  wooden  pieces  joined  Ity  a  series  of  transverse  pieces  on 
the  sides  and  Jjack,  and  hy  a  lop  and  holtoni  \ncce  in  front.  In 
examining  feces  for  eggs,  this  large  rack,  with  a  carrying  capacity 
of  nine  sieves  and  one  solid-bottomed  ])an,  is  used,  the  coarsest 
screen  being  at  the  top  and  the  pan  at  the  lioitom.  When  exam- 
ining feces  for  worms  passed  after  the  adniinislralion  f)f  anthel- 
mintics, the  smaller  rack,  with  an  e(|uipment  of  six  of  the  coarser 
screens,  using  the  60  mesh  for  the  bottom  screen  to  guard  against 


Fix.   1. — -Apparatus  for  conniiinutiiiK  and   scrucning   feces,  and    for   washing   screens. 


the  escape  of  any  worms,  is  u.sed.     The  racks  .serve  as  storage 
containers  for  the  sieves  and  pan  when  the.se  are  not  in  use. 

When  examining  feces  for  evidences  of    parasitism    in    the 
shape  of  eggs  or  larger  material,  the  feces  broken  up  by  the  mixer 


■J6 

are  poured  throug^h  the  set  of  screens  in  the  large  rack  and  the 
screened  feces  collected  in  the  pan.  The  screens  are  washed  by 
running  clear  water  through  them  until  the  pan  is  perhaps  half 
full.  This  pan  has  a  capacity  of  two  liters.  Then  the  pan  is 
pulled  out  and  the  contents  decanted,  sedimented,  washed  and 
centrifuged  to  suit  the  convenience  and  desires  of  the  operator. 
The  end  result  is  a  slide  on  which  there  is  a  minimum  of  foreign 
matter,  and  this  foreign  matter  and  the  eggs  alike  are  washed 
clean  and  stand  out  for  just  what  they  are  in  the  clean  water  from 
which  soluble  matter  and  tine  suspended  matter  have  been  re- 
moved. Such  a  slide  can  be  examined  with  a  maximum  certainty 
of  detecting  eggs  present  and  with  a  minimum  amount  of  eye 
strain. 

After  the  pan  is  taken  from  the  rack,  the  remaining  sieves  are 
washed  by  running  water  thrdiigh  from  the  top  until  the  water 
from  the  last  sieve  comes  away  clean  ;  in  other  words  until  all  the 
soluble  coloring  matter  and  matter  tine  enough  to  pass  the  screens 
are  removed.  Then  the  sieves  are  examined  one  at  a  time  in  a 
glass  tray  of  clean  water.  Parasitic  and  non-parasitic  matter  are 
now  washed  clean  and  appear  in  their  true  shapes  and  colors. 
There  is  little  likelihood  of  mistaking  vegetable  or  animal  material 
for  worms,  and  little  likelihood  of  overlooking  worms.  Substan- 
tially the  same  thing  is  accomplished  in  examining  feces  with  the 
smaller  rack  and  fewer  screens  to  detect  worms  jiassed  after 
anthelmintics. 

It  is  necessary  that  a  screen  equipment  of  this  sort  be  kept 
clean  and  free  from  contamination  that  would  give  misleading 
results.  To  cut  down  the  work  of  cleaning  these  screens,  the 
apparatus  shown  at  the  left  of  k'ig.  1  was  constructed.  This  is 
essentially  a  copper  box,  '.V/2  inches  wide,  9  inches  high,  and  10 
inches  long;  just  large  enough  to  wash  one  screen  at  a  time. 
Water  is  sprayed  in  through  the  fan-shaped  nozzle  at  the  back, 
the  aperture  being  cut  down  by  solder  plugs  at  intervals  to 
increase  the  force  of  the  water.  On  the  front  of  this  box  are 
three  overflow  lips  at  the  top  and  a  small  tube  at  the  bottom ;  light 
material  floats  ofif  through  the  upper  lips,  and  heavy  material,  such 
as  sand,  is  washed  out  at  the  bottom.  The  box  is  provided  with 
a  lid  to  prevent  splashing  and  is  set  in  a  tray  to  drain  any  over- 
flow to  the  sink.     In  practice,  sieves  are  tirst  rinsed  under  the 


overflow  and  then  put  in  the  box.  One  sieve  is  washed  while  the 
next  is  being  examined.  By  using  very  hot  water,  the  sieves  are 
not  only  cleansed,  l)ut  ])ractical]y  sterilized.  The  mixer  is  very 
easily  cleaned  by  holding  a  damp  cloth  against  the  shaft  or  disk- 
while  these  are  spinning. 


Fig. 


-Exterior  view  of  dark  cell  for  microscopic  work. 


So  far  as  sterilization  is  concerned,  however,  it  is  ad\i.sable 
to  have,  formaldehyde,  a  coal-tar  disinfectant,  or  some  other  ade- 
quate disinfectant,  added  to  the  original  fecal  sample  wheiiever 
feasible.  This  is  valuable  for  sterilization  and  also  aids  in  abating 
the  odor.     \\  here  plenty  of  water  is  used,  the  odor  is  a  matter  of 
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small  moment,    as    the    substances    responsible    for    it    are    soon 
washed  away. 

The  writer  has  long-  been  in  sympathy  with  Dr.  Cobb's  idea 
that  in  doing  microscopic  work  it  was  advisable  to  illuminate  only 
the  object  under  the  microscope  and  to  cut  out,  as  far  as  possible, 
the  illumination  of  the  microscope  and  other  extraneous  objects 


Fig.  3. — Interior  view  of  dark  cell   for  microscopic   work. 


m  the  room.  However,  the  equipment  which  Dr.  Cobb  has  used 
to  attain  his  object  is  rather  expensive,  the  cost  of  equipping  each 
window  with  the  very  satisfactory  apparatus  which  he  has  devised 
being  about  $80.00  to  $100.00  two  years  ago,  and  probably  more 
now.     A  similar  result  may  be  attained  by  the  use  of  the  simple 


4U 
and  inexpensive  device  which  is  shown  in  Figs,  'i  and  3.  This 
device  consists  of  two  boards,  each  2  feet  long  and  1  foot  wide, 
joined  at  a  right  angle  along  the  long  edges  by  screws.  As  shown 
in  Fig.  2,  the  boards  are  sawed  out  at  the  bottom  of  this  right- 
angled  union  to  a  height  of  S  inches,  and  a  reinforcing  board 
fastened  along  the  bottom  of  the  large  boards  and  across  the  bot- 
tom of  this  aperture  to  prevent  the  structure  from  falling.  To 
further  prevent  falling,  the  angle  formed  by  these  reinforcing 
boards  is  held  under  a  bent  nail.  A  strip  of  black  cloth  ( lining  i 
is  nailed  to  the  edges  of  the  aperture  and  carried  back  to  the  stage 
of  the  microscope,  permitting  light  to  fall  on  the  mirror.  A  large 
piece  of  black  cloth  (lining)  is  nailed  to  the  free  edges  and  tou 
of  the  large  boards,  and  when  this  is  dropped  over  the  micro- 
scopist.  it  forms  a  dark  chamber  which  is  very  restful  to  the  eyes 
in  examining  fecal  samples  for  parasite  eggs.  Midway  between 
the  top  and  bottom  of  the  boards  is  a  triangular  shelf,  about  a 
foot  long  on  its  free  edge,  and  with  the  free  edge  hollowed  out, 
beveled  and  padded  to  make  a  head  rest.  The  woodwork  of  the 
entire  interior  of  the  dark  cell  is  painted  black.  With  this  very 
simple  and  cheap  device  one  can  examine  fecal  samples  for  hours 
and  feel  verv  little  of  the  neck  and  eye-strain  that  would  result 
from  the  same  amount  of  work  in  the  open  and  with  the  head 
unsupported.  There  is  only  a  certain  amount  of  nervous  energy 
a\ailable  for  work;  and  if  this  energy  is  partly  dissipated  in  un- 
profitable strain  on  the  neck  and  eyes  and  in  the  distraction  inci- 
dental to  seeing  the  objects  and  action  in  the  room,  there  is  that 
much  less  a\ailable  for  concentration  on  the  work  in  hand.  The 
u^^e  of  this  apparatus  gives  a  distinct  sense  of  concentration  and 
a  feeling  of  greater  satisfaction  in  what  otherwise  quickh' 
becomes  rather  tedious  work.  As  Dr.  Cobb  has  pointed  out  in  hi> 
papers,  few  microscopists  seem  to  appreciate  the  value  of  pro- 
viding suitable  and  comfortable  conditions  under  which  to  work, 
but  this  does  not  detract  from  that  value. 

W'hen  the  cloth  at  the  aperture  for  illumination  of  the  micro- 
scope mirror  is  pushed  down  and  the  cloth  at  the  top  and  back  of 
the  dark  chamber  dropped,  the  microscope  is  covered  and  jn'o- 
tected.  This  arrangement  gives  adequate  protection  to  the  instru- 
ment and  is  haiidier  than  the  use  of  a  microsco])e  case,  as  the 
microscope  is  always  in  place  read}'  for  use. 


ADDENDUM. 

Since  the  above  paper  was  published  in  the  Journal  of  Lab- 
oratory and  Clinical  Medicine,  the  writer  has  modified  the  appa- 
ratus shghtly  to  faciHtate  the  removal  of  malodorous  gases  when 
using  the  mixer.  Instead  of  using  a  funnel  loosely  attached  to 
the  mixer  to  collect  the  gases,  a  copper  cap  is  used.  This  cap  has 
a  neck  which  is  attached  by  set-screws  to  the  stationary  head  just 
above  the  rotating  shaft  and  below  the  motor,  the  attachment 
being  made  air-tight  by  a  small  rubber  gasket;  from  this  neck  the 
cap  t^ares  out  like  a  funnel  to  a  position  just  beyond  the  edge  of 
the  neck  of  the  bottles,  and  there  drops  a  rim  extending  down  a 
half-inch  or  so  below  the  bottle  neck ;  a  small  copper  tube  is 
soldered  into  the  flare  of  the  cap,  and  the  rubber  tube  attached  to 
the  suction  pipe  is  connected  to  this.  The  suction  draws  the  air 
up  between  the  bottle  neck  and  the  enclosing  rim,  and  this  air  and 
the  released  gases  from  the  bottle  are  carried  ofif  through  the  suc- 
tion pipe. 
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THE  LONGEVITY  OF  ADULT  ASCARIDS  OUTSIDE  THE 
BODY  OF  THE  HOST. 

ITS  BEARING  ON  ANTHELMINTIC  TREATMENT. 
Maurice  C.  Hall,  Ph.D.,  D.V.M., 

Paiasitologist,   Research   Laboratory,   Parke,   Davis   &   Co.,   Detroit,   Michigan. 

Wharton^  has  recorded  experiments  in  which  he  kept  the 
eggs  of  the  common  roundworm  of  man,  .Iscaris  himhricoides, 
aHve  in  Kronecker's  sah  solution  (physiologic  sodium  chlorid 
solution  to  which  0.06  gtn.  of  sodium  hydroxid  per  liter  is  added) 
for  from  six  to  tw^elve  days.  While  I  was  in  the  service  of  the 
federal  Bureau  of  Animal  Industry,  I  made  some  tests  to  deter- 
mine the  length  of  time  that  the  common  roundworm  of  the  pig, 
.Iscaris  snioii,  could  survive  outside  the  body  of  the  host.  A 
number  of  these  worms  had  been  collected  and  thrown  into  about 
a  T)  per  cent,  dilution  of  liquor  formaldehydi  and  left  for  a  few 
minutes.  They  were  taken  out  of  the  formaldehyd  and  nine  of 
them  placed  in  Kronecker's  solution  and  nine  placed  in  physiologic 
sodium  chlorid  solution.  The  height  at  which  the  solution  stood 
when  made  up  was  marked  on  the  glass  dishes  containing  them, 
and  once  a  day  distilled  water  was  added  to  replace  that  lost  by 
evaporation.  The  condition  of  the  worms  was  noted  every  day 
except  Sunday,  and  the  room  temperature  noted  every  day  except 
Sunday  from  the  hfth  day  to  the  end  of  the  experiment. 

During  the  course  of  the  experiment,  the  room  temperature 
ranged  from  "^T..")  to  30  C.  (from  Ml..")  to  86  F.).  The  last  sur- 
vivor in  the  physiologic  sodium  chlorid  solution,  a  male,  was 
alive  on  the  fourteenth  day  after  removal  from  the  host,  and  was 
found  dead  on  the  fifteenth  day.  Three  females  survived  for 
nineteen  days  in  Kronecker's  solution  ;  two  of  these  survived  for 
twenty-four  days,  and  one  of  these  was  alive  on  the  twenty-sixth 
day  after  removal  from  the  host  and  was  found  dead  on  the 
following  day.      In  another  experiment  in  which  ten  specimens 
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of  Ascari's  suuiii  were  kept  in  physiologic  sodium  chlorid  solution, 
one  worm  was  still  alive  on  the  fifteenth  day.  It  appears,  then, 
that  ascarids  may  survive  for  fifteen  days  in  physiologic  sodium 
chlorid  and  for  twenty-six  days  in  Kronecker's  solution. 

The  particular  interest  which  attaches  to  this  experiment  is  its 
bearing  on  a  very  common  idea  in  connection  with  anthelmintic 
treatment.  It  is  quite  commonly  believed,  and  the  belief  is  shared 
by  many  physicians  and  veterinarians,  and  is  expounded  in 
reputable  medical  literature,  especially  the  older  literature,  as  well 
as  in  the  advertisements  of  commercial  houses,  that  when  a 
patient  infested  with  worms  is  fasted  for  twelve  or  twenty-four 
hours,  the  worms  become  hungry  as  a  result  of  this  lack  of  food, 
and  that  when  an  anthelmintic  is  administered,  especially  when 
it  is  given  in  some  such  vehicle  as  milk,  the  hungry  worms  will 
ingest  the  anthelmintic  and  thereby  become  poisoned. 

There  are  two  or  three  objections  to  such  a  belief.  In  the 
first  place,  when  these  worms  can  survive  for  twenty-six  days  in 
such  an  unnutritious  medium  as  Kronecker's  solution,  it  is  un- 
likely that  they  would  sufifer  the  pangs  of  hunger  after  twelve  or 
twenty- four  hours  in  contact  with  the  collapsed  walls  of  the 
intestine  and  the  relatively  abundant  content  of  food,  epithelial 
debris  and  secretions  which  is  still  present  after  such  an  interval. 
Moreover,  it  is  known  that  the  digested  or  partly  digested  food 
in  the  lumen  of  the  host  intestine  is  not  the  only  food  of  parasitic 
worms,  and  it  may  constitute  in  some  cases  a  very  small  part  or 
no  part  at  all.  Garin  says  that  nematodes  of  the  digestive  tract 
live  at  the  expense  of  the  wall  of  the  digestive  tract  in  all  cases, 
and  not  on  food  in  the  lumen.  According  to  Garin,  some  worms 
(Heterakis  papulosa)  live  on  mucus  and  intestinal  juices;  others 
(Oxyurjs,  Ascaris  liunhricoidcs,  .Iscaris  snitiii)  live  on  epithelial 
cells  ;  others  (Ascaris  rotiindata,  Physaloptera  claiisa,  Habronema 
uiicrostoma)  live  on  lymphatic  cells  and  lymph  ;  others  (Stron- 
gylus,  Ancylostoma,  GrapJiidinui,  Trichuris)  live  on  blood.  He 
states  that  the  attack  on  the  mucosa  may  be  mechanical  (with 
teeth,  etc.,  as  in  the  case  of  hookworm)  or  chemical  (by  digestive 
secretions,  as  in  the  case  of  whipworms).  Much  remains  to  be 
learned  in  this  connection,  but  it  is  known  that  such  forms  should 
sufifer  no  inconvenience  whatever  during  the  period  in  which  the 
host  animal  is  deprived  of  food.      Finally,  it  is  not  necessary  to 
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suppose  that  anthelmintics  must  be  voluntarily  ingested  by  the 
parasitic  worms  in  order  that  the  worms  may  be  destroyed.  It  is 
likely  that  they  are  either  ingested  without  volition  or  that  tliey 
exercise  their  lethal  effects  in  some  cases  by  absorption,  as  may 
be  the  case  with  such  volatile  anthelmintics  as  chloroform. 

In  any  case,  the  preliminary  fasting,  as  well  as  the  preliminary 
purgation,  previous  to  anthelmintic  treatment  is,  of  course,  a 
very  desirable  procedure.  But  its  utility  lies  in  the  fact  that  it 
removes  the  bulky  food  mass  which  might  otherwise  protect  the 
worm  against  the  anthelmintic  action. 

CORRFXTIOX. 

In  the  first  sentence  of  this  paper  as  i)ublished  and  as 
reprinted,  it  is  stated  that  Wharton  kept  the  cc/gs  of  the  round- 
worm. Ascaris  lumbricoides,  alive  in  Kronecker's  solution  for  six 
to  twelve  days.  As  the  rest  of  this  paper  suggests,  Wharton  kept 
the  adult  worms  alive  for  six  to  twelve  days. 
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FACTS  AND  FALLACIES  IN   DISINFECTION.* 

Herbert  C.  Hamilton. 

(From    the    Research   Laboratory    of   Parke,    Havis   &    Co.,    Detroit,    Michigati.) 

One  of  the  most  important  i)roblems  confronting  the  well 
informed  health  officer  is  that  of  cleaning  up  or  preventing  infec- 
tion. Whatever  measures  he  takes,  these  should  be  supplemented 
by  an  intelligent  use  of  some  cheiTiical  disinfectant.  What  shall 
he  use?  A  new  substance  is  proposed  and  gains  a  certain  degree 
of  popularity  only  to  be  relegated  to  a  secondary  place  in  favor 
of  one  still  newer.  One  is  likely  to  lose  sight  of  the  virtues  of 
the  older  disinfectants  in  this  maze  of  new  products. 

It  is  advisable  to  glance  over  the  field  occasionally  to  discover 
the  advantages  and  disadvantages  of  these  various  substances ;  for 
while  few  are  valueless  only  the  best  for  the  specific  purpose  is 
to  be  recommended. 

A  disinfectant  is  often  overrated  because  in  the  hands  of  ?. 
careful  user  exceptionally  good  results  were  obtained.  Some  are 
discredited  because  of  being  used  under  improper  or  inappropriate 
conditions.  Almost  any  substance  may,  under  certain  conditions, 
appear  to  be  a  disinfectant  when  in  reality  the  conditions  and  not 
the  substance  were  unfavorable  to  the  development  of  the  organ- 
isms. 

If  bacteria  are  transplanted  from  contact  with  a  substance 
which  reduced  their  vitality,  to  a  culture  medium  slightly  un- 
favorable for  growth,  an  erroneous  impression  will  often  be  ob- 
tained as  to  the  germicidal  value  of  the  substance  in  question. 

This  actually  occurred  in  testing  a  w  ell  known  protein  com- 
pound of  silver  which  in  a  medium  regularly  adjusted  by  addition 
of  hydrochloric  acid  to  an  acidity  of  1.5,  gave  a  phenol  coefficient 
of  5,  while  in  an  unadjusted  medium  with  acidity  of  0.8  the  coef- 
ficient fell  to  about  .5  to  1.     (See  Protocol  1,  Appendix.) 

Another  occasion  for  the  discredit  of  a  good  disinfectant  is 
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the  erroneous  idea  in  the  lay  mind  that  a  disinfectant  is  an  insecti- 
cide. Formaldehyde  fails  as  a  fumigant  for  destroying  insect  life, 
a  fact  which  may  partly  explain  the  appearance  of  adverse 
reports.     (See  Protocol  2,  Appendix.) 

The  more  probable  reason,  however,  for  the  often  expressed 
disparagement  of  formaldehyde  is  an  improper  use  largely 
because  of  a  misconception  of  its  properties.  Dry  formaldehyde 
gas  while  exceedingly  irritating  to  mucous  membrane  is  almost 
innocuous  to  bacteria,  the  germicidal  value  being  brought  out  only 
when  in  aqueous  solution,  or  probably  by  the  hydrate.  It  readily 
polymerizes,  so  that  if  slowly  generated  with  insufficient  moisture 
present,  the  active  hydrate  is  not  produced  in  a  proportion  to  be 
efficient.     (See  Protocol  3,  Appendix.) 

Various  improper  methods  have  been  proposed  and  applied 
for  generating  the  gas  from  its  acjueous  solution.  Potassium  per- 
manganate or  chromate  by  combining  with  a  portion  of  the  agent 
generates  sufficient  heat  to  volatilize  the  remainder  with  the  neces- 
sary water,  the  amount  destroyed  not  exceeding  20  to  30  per  cent, 
of  the  original  content,  while  the  rapidity  and  completeness  of 
evolution  both  of  formaldehyde  gas  and  water  more  than  ofifset 
the  necessary  loss. 

When  lime  is  used  as  the  heating  agent  only  the  heat  of  com- 
bination with  water  can  be  permitted,  since  the  lime-water  slowly 
but  almost  completely  destroys  the  aldehyde  forming  inert  decom- 
position compounds.  The  same  is  true  of  caustic  soda,  which  is 
the  reagent  employed  in  one  or  more  commercially  exploited  gen- 
erators. It  is  also  essentially  true  if  calcium  hypochlorite  is  so 
employed. 

A  prompt  and  more  or  less  violent  reaction  occurs  when  a  40 
per  cent,  aqueous  solution  of  formaldehyde  is  mixed  with  either 
of  the  above  named  reagents,  but  careful  experiments  failed  to 
find  effective  quantities  of  formaldehyde  among  the  evolved  gases. 

The  method  employed  to  determine  the  amount  evolved  was 
essentially  that  described  by  Frankforter  (J.  A.  C.  S.,  Vol.  28, 
1906,  p.  1234),  the  gases  being  absorbed  by  an  excess  of  distilled 
water.  By  this  method  30  per  cent,  of  the  theoretical  quantity 
of  gas  was  found  to  be  liberated  from  a  solution  by  means  of 
potassium  permanganate,  while  only  3  per  cent,  could  be  found 
when  caustic  soda  was  the  reagent  used.     Lime  is  more  efficient 


llian  ^al1^lic  Ndtla  l>el•all^e  a  higiier  degree  of  heat  is  exolved  in 
llic  reaction.  C'liloiinaled  lime  undt-r  tlie  same  eondilicjns  ap- 
peared to  evolve  onl\  ehlcjrine  compounds,  no  formaldehyde  gas 
Ijeing  detected  in  the  aqueous  solution  collected. 

Any  rapid  method  by  which  the  unchanged  formaldehyde  gas 
can  be  driven  off  from  its  acjueous  solution  is  more  or  less  satis- 
factory as  a  means  of  disinfecting  a  room  by  fumigation. 

Formaldehyde  gas,  however,  is  so  volatile  that  it  must  be 
almost  immediately  redissolved  in  water  vai)or  or  it  will  be  dis- 
sipated before  an  effective  strength  is  obtained.  Therefore  there 
are  three  highlv  essential  factors  in  a  successful  fumigation  with 
formaldehyde,  namely,  very  rapid  evolution  of  gas,  a  percentage 
of  moisture  in  the  air  approaching  saturation,  and  absence  of  air 
currents.  It  follows  that  disinfection  should  not  be  attempted 
on  a  windy  day,  that  the  air  must  be  rendered  moist  by  sprinkling 
the  floor  with  water  about  fifteen  minutes  before  fumigation,  and 
if  possible  that  a  permanganate  or  chromate  salt  be  used  to  de- 
velop the  requisite  heat. 

Calcium  hypiochlorite  or  bleaching  powder  is  one  of  the  ver}- 
few  substances  wliich  spontaneously  evolves  an  efficient  disin- 
fecting vapor. 

The  gas  first  released  is  chlorine,  which  has  a  very  caustic 
action  on  fabrics,  colors  and  metals,  and  is  therefore  objectionable 
in  most  cases. 

Hydrogen  peroxide  has  had  a  varied  reputation.  Reputed 
very  highly  by  some,  it  is  considered  worthless  by  others.  It  all 
depends  on  the  point  of  view  and  the  way  in  which  it  is  used. 

With  a  phenol  coefficient  of  .0;3  it  is  as  strong  as  a  3  per  cent, 
solution  of  phenol  and  therefore  theoretically  capable  of  destroy- 
ing almost  all  infectious  organisms.  Practically,  however,  it  is  so 
rapidly  destroyed  in  contact  witli  organic  matter  that  no  great 
dependence  can  be  ])laced  on  it  as  a  disinfectant  unless  used  re- 
peatedly in  considerable  quantities.  It  has  a  value,  however,  all 
out  of  proportion  to  its  germicidal  action,  in  that  as  an  active 
oxydizing  reagent  the  e\olved  gas  acts  as  a  cleansing  agent,  the 
foreign  matter  in  wounds  being  extruded  in  a  very  efficient  man- 
ner. It  is  therefore  acti\e  in  i)roportion  to  its  hydrogen  dioxide 
content,  but  not  j^rimarily  as  to  its  phenol  coefficient. 

Much  difference  of  oi)inion  exists  regarding  the  value  of  soap 
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as  a  disinfectant.  Tested  against  bacteria  by  any  of  the  quasi- 
official  methods  a  pure,  neutral  soap  has  little  germicidal  action 
in  any  practicable  strength  of  solution.  A  5  per  cent,  solution  of 
most  soaps  is  efficient  in  killing  all  non-spore-bearing  bacteria  in 
a  few  minutes,  but  this  is  not  a  practicable  solution  to  obtain 
except  with  soft  soap. 

Many  soaps,  howeVer,  are  not  neutral  but  decidedly  alkaline, 
and  to  this  ingredient  undoubtedly  some  of  the  relatively  high 
values  may  be  attributed.  (See  Protocol  4,  Appendix.)  A  neutral 
soap,  or  preferably  one  that  is  slightly  alkaline,  is  indirectly  valu- 
able because  of  its  cleansing  properties,  particularly  in  its  action 
to  remove  the  protecting  fatty  film  on  the  skin  and  allow  penetra- 
tion of  an  active  agent.  Theoretically  a  true  disinfectant  associ- 
ated with  soap  is  an  ideal  combination  for  cleansing  and  disin- 
fecting the  hands  and  the  site  of  an  operation.  Practically,  how- 
ever, few  of  the  disinfectants  with  which  we  are  familiar  can  be 
advantageously  used  with  soap  either  because  of  the  physical 
properties  of  the  resulting  mixture  or  of  chemical  reactions  im- 
pairing the  cjuality  of  one  or  both  of  the  two  agents.  Symes 
investigating  this  subject  (Antiseptic  and  Disinfectant  Properties 
of  Soap,  1909)  found  that  a  1  per  cent,  solution  of  soap — as 
strong  as  an  average  solution  can  be  made — kills  some  bacteria 
in  ten  minutes,  but  most  are  not  killed  after  hours  of  exposure, 
which  is  also  true  even  of  a  5  per  cent,  solution.  He  also  found 
that  no  added  disinfectant  greatly  enhanced  the  value  of  soap 
except  biniodide  of  mercury,  which  was  very  effective  for  disin- 
fecting instruments  and  the  field  of  an  operation.  Plain  soap  is 
germicidal  toward  some  bacteria,  notably  B.  typhosus.  My  own 
experiments  (See  Protocol  5,  Appendix)  have  demonstrated  that 
the  different  glycerides  produce  soaps  which  differ  in  their 
germicidal  values,  but  that  no  soap  can  be  considered  an  effective 
disinfectant  unless  associated  with  some  other  more  active  agent. 
The  substitution  of  scrubbing  with  soap,  for  fumigation  in 
terminal  disinfection,  is  not  a  safe  practice.  The  cleaning  is  to  be 
commended  but  is  not  a  substitute ;  it  is  only  an  aid  to  disinfec- 
tion with  a  fumigant. 

Ethyl  alcohol  is  very  largely  used  as  a  disinfectant  for  the 
site  of  an  operation  or  injection,  but  by  many  it  is  regarded  as  of 
little  value.  It  is  generally  considered  that  only  the  medium 
strengths  of  alcohol  are  active. 


Experiments  recently  carried  out  verify  the  results  obtained 
by  Harrington  and  Walker  (Boston  Medical  and  Sunjical  Jour- 
nal, Vol.  148,  p.  548)  (See  Protocol  6,  Appendix),  who  found 
that  "unless  the  bacterial  envelope  contains  a  certain  amount  of 
moisture  it  is  impervious  to  strong  alcohol ;  but  dried  l)acteria  in 
contact  with  dilute  alcohol  containing  from  30  to  (iO  per  cent,  of 
water  will  absorb  the  necessary  amount  of  water  therefrom  very 
quickly,  and  then  the  alcohol  itself  can  reach  the  cell  protoplasm 
and  destroy  it." 

It  is  evident,  therefore,  that  sponging  the  site  of  an  operation 
with  alcohol  after  scrubbing  with  soap  is  a  safe  procedure  ;  adding 
acetone  to  the  alcohol  is  logical  as  a  fat  solvent  and  is  cjuite  com- 
monly practiced.  A  further  aid  to  disinfection  is  the  addition  of 
1  to  2  per  cent,  of  a  high  coefficient  coal-tar  disinfectant  to  the 
acetone-alcohol  mixture  by  which  one  can  obtain  a  sterilizing 
solution  equivalent  to  40  per  cent,  phenol.  {Journal  of  Surgery, 
Gynecology  and  Obstetrics,  Vol.  21,  p.  8;").)  Such  a  solution  is 
neither  poisonous  nor  irritating  except  when  the  hands  are  en- 
cased in  rubber  gloves  after  being  treated  with  the  mixture. 

The  high  coefficient  disinfectants  of  coal-tar  origin  have  sev- 
eral factors  to  contend  with  in  finding  a  satisfactory  position 
among  the  known  germicidal  agents.  There  is  doubt  as  to  the 
high  values  assigned  to  them  on  the  basis  of  a  laboratory  test, 
especially  since  many  coal-tar  products  have  been  proved  to  be 
almost  worthless.  While  it  is  true  that  no  ideal  method  of  stand- 
ardization of  disinfectants  has  been  evolved  many  of  the  variable 
factors  have  been  discovered  and  eliminated,  so  that  there  is  rea- 
son to  hope  that  germicidal  agents  may  some  day  be  as  accurately 
graded  as  other  chemical  substances.  The  tests  applied  are  rela- 
tive, however,  and  there  is  little  reason  to  suppose  that  a  substance 
found  by  a  careful  laboratory  test  to  be  2,  5,  or  20  times  as 
efficient  as  another  similar  substance  would  not  be  found  in  prac- 
tice to  have  the  same  relative  value  when  used  under  similar  con- 
ditions. If  the  standard  is  of  the  same  character  and  the  condi- 
tions are  the  same  the  statement  could  not  be  questioned.  Unfor- 
tunately the  standard  used  for  comparison  is,  although  techni- 
cally similar,  actually  decidedly  different  in  many  respects.  Pure 
phenol  has  been  chosen  as  the  standard  with  which  to  measure 
the  activity  of  all  classes  of  disinfectants,  and,  while  it  belongs 
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to  the  same  series  as  the  other  phenols  of  coal  tar,  there  are  many 
conditions  which  change  the  resistance  of  the  test  organism  to- 
ward everyting  but  the  standard.  This  is  a  generally  recognized 
fact  and  is  a  serious  defect. 

On  the  other  hand,  the  conditions  imposed  on  the  laboratory 
test  are  sufficiently  severe  as  to  eliminate  most  of  these  variants. 

Another  defect  in  the  method  of  grading  disinfectants  by  their 
phenol  coefficients  is  the  fact  that  different  organisms  have  a  ratio 
of  resistance  different  from  that  of  B.  typhosus — the  standard  test 
organism.  With  some  organisms  the  value  of  disinfectants  is 
higher  and  with  others  lower  than  their  present  rating.  (See 
Protocol  7,  Appendix.)  Because  of  this  and  other  factors  in- 
volved, the  Bureau  of  Animal  Industry  has  felt  compelled  to 
reject  all  but  pliarmacopoeial  germicides  for  disinfecting  premises 
possibly  infected  by  hog  cholera,  foot-and-mouth,  and  other  infec- 
tious diseases.  This  has  made  necessary  the  use  of  the  relatively 
expensive  cresylic  acid,  practically  all  of  which  is  imported,  while 
thousands  of  gallons  of  disinfectants  from  coal-tar  distillates  of 
local  production  are  barred  from  official  use.  This  is  a  hardship 
because  of  the  relatively  high  cost  of  the  imported  cresylic  acid 
and  is  economically  unwise  because  of  its  relatively  low  germi- 
cidal value.  When  properly  carried  out  the  germicidal  test  which 
establishes  the  phenol  coefficient  is  of  more  value  than  a  chemical 
test  which  compares  phenol  content  only  and  takes  no  cognizance 
of  the  difference  in  character  of  the  different  classes  of  phenols. 
(See  Protocol  8,  Appendix.) 

In  connection  with  the  policy  of  the  Department  of  Agriculture 
in  recommending  disinfectants,  a  point  is  worthy  of  notice  that 
lime  is  recommended  to  be  mixed  with  the  solution  of  phenol  or 
of  cresol  compound  in  the  proportion  of  not  to  exceed  l^^  pounds 
to  1  gallon  of  solution.  There  is  unfortunately  no  express 
instruction  to  use  fresh  water-slaked  lime,  which  would  have  a 
degree  of  germicidal  value  in  itself.  The  lime  compounds  of 
phenol  and  cresol  have  about  one-half  the  germicidal  values  of 
the  uncombined  substances,  while  the  lime  mixed  with  cresol  com- 
pound not  only  lowers  the  value  of  the  cresylic  acid,  but  is  itself 
partly  neutralized  by  the  soap,  forming  a  sticky,  inert  lime  soap. 
Such  a  practice,  while  intended  for  the  good  purpose  of  showing 
where   the   disinfectant   has   been   applied,   would   appear   to   do 
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more  harm  than  good  unless  as  noted  above  the  Hme  used  is  fresh 
stone  Hme.  In  that  case  the  freshly  slaked  lime  would  be  of 
more  value  than  the  phenol  or  cresol  com])ound.  (Protocol  9  and 
10,  7\ppendix.) 

Freshly  prepared  calcium  hydroxide  has  a  coefficient  of  ap- 
proximately 20  based  on  the  fresh  lime  used.  (Protocol  11.) 
It  is  highly  efficient  theoretically,  but  as  a  practical  disinfectant 
has  only  a  limited  application,  because  of  its  insolubility,  insta- 
bility, and  because  of  the  residue  \vhere\er  applied. 

The  effect  of  lime  and  ma;^nesia  as  they  often  occur  in  the 
diluting  water  for  coal-tar  disinfectants  and  dip  is  of  considerable 
importance  in  that  the  emulsifying  agent  or  solvent  is  in  most 
cases  soap.  One  part  of  lime  combines  with  12  parts  of  soap, 
forming  an  insoluble  grease  no  longer  capable  of  emulsifying  or 
dissolving  a  saponaceous  disinfectant.  Without  this  constituent 
the  active  agent  is  no  longer  in  a  finely  divided  state  capable  of 
acting  uniformly  but  separates  in  a  layer  of  oil  which  often  causes 
considerable  damage  by  reason  of  its  corrosive  character  in  this 
condition.  Such  a  water  should  be  corrected  by  the  use  of  wash- 
ing soda  or  caustic  soda.  When  properly  treated  with  one  or 
both  of  these  ingredients  the  water  can  be  safely  used  as  a  diluent 
for  any  of  the  coal-tar  dips  or  disinfectants. 

The  comparative  values  of  an  emulsifiable  and  a  soluble  disin- 
fectant is  a  question  that  seems  entirely  profitless.  It  has  never- 
theless been  claimed  (Chick  &  Martin,  Journal  of  Hygiene,  1908, 
Vol.  8,  p.  654)  that  the  former  is  the  more  efficient  since  the 
finely  divided  particles  of  the  oil  were  observed  to  have  a 
Brownian  movement,  and,  in  effect,  to  bombard  the  bacteria. 

Laboratory  experiments  fail  to  verify  this  hyiJOthesis.  These 
were  carried  out  by  using  cresylic  acid  and  soap,  the  ratio  between 
the  two  being  varied  to  obtain  in  the  one  case  a  complete  solution, 
in  the  other  with  less  soap  a  hazy  emulsion.  Careful  tests  of 
these  two  preparations  failed  to  show  any  material  difference. 
(See  Protocol  12,  Appendix.) 

Another  point  in  connection  with  coal-tar  disinfectants  is  the 
effect  of  exposure  to  light. 

That  this  effect  is  to  lower  the  efficiency  is  the  statement  made 
by  Prof.  Charles  E.  Higgins  of  Ottawa  (personal  comnnuiica- 
tion),  who  found  a  marked  decrease  in  germicidal  activity  in 
several  samples  so  exposed  for  three  weeks. 
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To  verify  this  statement  a  sample  was  divided,  one  part  re- 
maining in  an  amber  bottle,  the  other  in  a  small  clear  glass  bottle 
exposed  to  the  light,  partly  direct  sunlight. 

After  one  month  this  was  found  to  have  lost  about  8  per  cent, 
of  its  activity  as  compared  with  the  other  part.  This  is  not  a 
negligible  loss.  It  is  one  that  should  be  guarded  against  by 
avoiding  undue  exposure  of  disinfectants,  especially  the  sample 
for  assay  representing  a  bulk  lot.  It  may  well  be  that  this  is,  in 
part,  the  explanation  of  disagreements  in  reports  from  different 
tests  of  the  same  preparation. 

The  actual  loss,  however,  is  insignificant  and  is  offset  by  the 
fact  that  recommended  dilutions  are  usually  much  lower  than  the 
efficiency  of  the  preparation  would  permit.  (See  Protocol  13, 
Appendix. ) 

One  occasionally  wonders  what  combination  of  circumstances 
is  responsible  for  the  appearance  and  retention  on  the  market  of 
certain  disinfectants  for  which  high  values  are  claimed  and  which 
uniformly  fail  to  show  these  high  values  by  any  of  the  accepted 
tests.  In  the  case  of  one  product  of  this  character  it  is  claimed 
to  be  ten  times  as  efficient  as  phenol,  while  careful  tests  show  a 
value  only  slightly  in  excess  of  that  of  phenol.  The  active  con- 
stituent appears  to  be  B-naphtol  dissolved  in  glycerine.  (See 
Protocol  14,  Appendix.) 

Another  instance  of  a  product  less  valuable  in  general  than 
would  be  justified  by  the  claims  is  one  which  has  the  recommenda- 
tion of  the  hygienic  laboratory.  It  is  even  called  the  Hygienic 
Laboratory  Pine  Oil  Disinfectant.  It  is  prepared  from  a  spe- 
cially distilled  pine  oil  and  the  impression  is  given  that  any  oil  so 
prepared  is  equally  valuable.  It  is  described  as  if  it  were  a  new 
product,  while  as  a  matter  of  fact  similar  preparations  have  been 
on  the  market  for  years.  Tests  are  shown  (Public  Health 
Report,  October  S,  1915)  on  which  a  coefficient  of  5  is  claimed 
and  a  dilution  of  1  in  500  recommended  for  general  use,  while 
this  same  dilution  acting  on  a  filtered  suspension  of  B.  typhosus 
failed  to  kill  in  l^  minutes'  exposure.  (See  Protocol  15, 
Appendix.) 

As  an  evidence  of  the  possible  harm  done  by  such  a  publication 
a  sample  of  disinfectant  prepared  in  North  Carolina  from  an  oil 
supposed  to  be  identical  with  the  specifications  had  a  coefficient 


of  ()..■).  (See  Protocol  1(5,  Appendix.)  This  producer  was  justi- 
fied in  expcctini^  a  coeflkient  ten  times  as  high  as  his  product 
actually  possessed,  and  on  the  basis  of  the  statement  below  would 
be  justified  in  marketing  his  product  and  quoting  as  follows: 

(ruBLR-  Hi:Ai/ni   kr.i'ORTs,  Oct.  «,  I!)!-").) 

"The  new  ])reparation  is  derixed  from  ])ine  oil,  a  b}-pi"oducl  in 
the  manufacture  of  turpentine.  It  is  easily  |)repared  by  mixing 
certain  portions  of  the  oil  with  rosin  and  sodium  hydroxide  solu- 
tion, the  finished  product  being  a  reddish-brown  liquid,  rather 
thick  and  oily  in  appearance,  but  free  from  turl)idity.  With 
water  it  makes  a  perfectly  white  emulsion,  much  resembling  milk. 
It  has  a  pleasing  odor,  no  objectitjnable  taste,  and  attacks  neither 
fabrics  nor  metals.  It  possesses  over  four  times  the  disinfectant 
properties  of  carbolic  acid  and  is  altogether  non-toxic,  so  that  it 
may  safely  be  used  as  a  throat  s])ray  or  mouth  wash  in  solutions 
of  the  ordinary  strength.  The  cost  of  the  ])reparation  is  remark- 
ably low,  as  it  can  be  manufactured  for  less  than  fifty  cents  a 
gallon,  solely  from  products  which  are  produced  in  this  country. 

"It  is  belie\ed  that  this  new  com])ound,  which  is  to  he  known 
as  'Hygienic  Laboratory  Pine-Oil  Disinfectant,'  will  l)ecome  one 
of  the  most  useful  preparations  of  that  character."  Fortunately 
the  high  cost  of  the  oil  has  ])revented  the  flooding  of  the  market 
with  this  low  grade  disinfectant. 

A  brighter  picture  is  presented  tn*  Dakin,  who  brought  into 
use  a  valuable  form  of  hyi)Ochlorite.  While  the  solution  Eusol 
and  the  powder  luipad  suggested  by  him  have  no  extraordinary 
values,  the  toluene  deri\ati\e,  Chloramine  T,  has  properties  which 
commend  it  to  our  attention.  Xo  extended  examination  has 
been  made  to  determine  its  general  applicability,  but  germicidal 
assays  by  the  accepted  methods  show  its  value  to  be  ~)0.  (See 
Protocol  17,  Ai)i)en(li\. )  The  presence  of  organic  matter  mate- 
rially lowers  this  value,  but  when  used  as  suggoted  by  Dakin, 
it  is  probably  a  safe  disinfectant. 

On  many  occasions  there  is  need  for  a  jjreservatix  e  agent  to 
prevent  the  bacterial  decomposition  of  solutions  of  organic  sub- 
stances or  drug  and  glandular  extracts.  While  ethyl  alcohol  is 
more  or  less  ideal  for  this  purpose,  in  some  cases  it  is  not  appli- 
cable either  because  of  its  action  on  an  acti\e  ingredient  or 
because  of  its  eifect  on  the  i)atient. 
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Certain  of  the  phenols  derived  from  coal  tar  are  made  use  of, 
especially  in  antitoxin.  Where  those  commonly  used  are  not 
applicable  because  of  the  irritation  to  tissues,  other  phenols  from 
high  coefficient  oil  can  be  substituted  to  advantage.  Their  low 
toxicity,  freedom  from  irritation  and  high  antiseptic  values  all 
tend  to  make  them  very  valuable.     (Protocol  18.) 

Another  substance  applicable  for  this  purpose  is  Chloretone — 
trichlor-tertiary-butyl  alcohol.  A  saturated  solution — about  0.8 
per  cent. — kills  B.  typhosus  after  two  minutes.  It  is  less  effective 
against  spores  and  moulds,  but  is  almost  universally  applicable 
against  bacterial  decomposition.     (Protocol  19.) 

When  the  bacteriologists  discovered  that  certain  dyes  have  a 
specific  staining  action  on  bacteria  it  was  the  first  step  toward 
applying  these  dyes  as  germicidal  or  at  least  antiseptic  agents. 
There  seems  to  be  no  relation  between  color  and  germicidal  activ- 
ity, but,  regardless  of  color,  the  acid  dyes  appear  to  be  inert  and 
the  basic,  active. 

No  exhaustive  experiments  have  been  made  to  determine  the 
value  of  these  substances  as  disinfectants,  but  experiments  carried 
out  by  Churchman  {Journal  Expcrhncntal  Medicine,  Vol.  16,  p. 
321),  Russell  (same  journal,  Vol.  20,,  1914,  p.  545),  Hill  and 
Tabor  {Journal  Infectious  Diseases,  Vol.  15,  1914,  p.  566)  show 
a  high  degree  of  antiseptic  value. 

The  low  toxicity  and  freedom  from  irritation  of  some  of  the 
promising  dye  products  lead  to  some  experiments  which  showed 
that  in  vitro  methyl  violet  has  a  phenol  coefficient  of  200  against 
Bact.  diphtliericv.  Other  dyes,  gentian  violet,  malachite  green, 
methylene  blue,  showed  toward  Bact.  diphtheria'  and  B.  typhosus 
no  remarkable  value.  (Protocol  20.)  When  the  price  of  dyes 
resumes  a  reasonable  level  it  seems  very  probable  that  some 
selected  ones  may  be  found  well  adapted  to  internal  antisepsis 
and  especially  in  attempting  to  control  diphtheria  and  typhoid 
carriers. 

In  some  cases  it  seems  probable  that,  while  certain  of  these 
dyes  are  strongly  antiseptic  in  vitro,  they  are  not  exceptional 
germicides  and,  therefore,  in  the  living  animal  are  almost  value- 
less. Unless  the  microorganism  is  killed  favorable  conditions  for 
growth  are  very  soon  resumed. 

This  is  to  a  degree  applicable  to  the  chemical  substance  known 
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as  Chinosol,  which  appears  on  the  market  also  under  the  name  Pix 
Cresol  {Journal  American  Medical  Association,  1911).  While  it 
actually  has  exceptionally  high  antiseptic  value — many  times 
more  powerful  than  phenol — its  germicidal  value  is  almost  negli- 
gible, and  it  finds  little  practical  use. 

To  summarize  the  conclusions  that  may  be  drawn  from  the 
foregoing  we  find : 

First,  formaldehyde,  when  used  under  conditions  in  which 
the  gas  acts  in  an  aqueous  solution,  is  an  efficient  disinfectant, 
probably  the  only  generally  applicable  fumigant. 

Second,  mercuric  iodide  combined  with  potassium  iodide  is 
an  exceptionally  valuable  germicide  for  the  skin  and  for  disin- 
fecting surgical  instruments  and  vessels.  Its  germicidal  value  is 
5,000  times  as  high  as  that  of  phenol. 

Third,  lime  water  freshly  slaked  from  good  stone  lime  has 
high  germicidal  value,  but  its  objectionable  features  both  in  itself 
and  in  its  action  on  other  disinfectants  makes  its  use  more  or  less 
detrimental. 

Fourth,  soap  can  be  considered  valuable  only  as  an  aid  to 
disinfection  or  as  a  vehicle  for  an  active  agent.  Most  disin- 
fectants with  the  exception  of  mercuric-potassium  iodide  add 
little  to  the  efficiency  of  soap. 

Fifth,  alcohol  as  commonly  used,  i.e.,  on  the  skin  previously 
washed  with  soap  and  water,  is  highly  efficient,  in  percentages  of 
30  or  over. 

Sixth,  a  coal-tar  disinfectant  carefully  standardized  by  one  of 
the  accepted  methods  is  valuable  in  proportion  to  its  phenol  co- 
efficient and  is  less  affected  than  some  others  by  the  factors  which 
tend  to  inhibit  the  value  of  a  germicide. 

Seventh,  pine  oil  disinfectants  and  other  special  products 
require  as  careful  standardization  as  the  coal-tar  disinfectants. 
For  safe  use  the  dilution  should  not  exceed  a  number  representing 
the  result  of  the  phenol  coefficient,  times  the  dilution  of  pure 
carbolic  acid  which  would  be  used  with  confidence  under  similar 
conditions. 

Eight,  certain  of  the  aniline  dyes  give  promise  of  practical 
value  in  wounds  and  as  internal  antiseptics  because  of  having  a 
selective  action  toward  certain  microorganisms  and  because  of 
their  low  toxicity. 
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The  old  dependable  germicides,  mercuric  chloride,  phenol, 
iodine,  hydrogen  peroxide,  will  never  be  displaced,  but  undoubt- 
edly their  field  of  usefulness  will  become  more  and  more  re- 
stricted. The  trend  of  future  research  in  the  field  of  disinfection 
leads  toward  the  development  of  specific  germicidal  agents. 

Appendix. 

Protocol  I.      From  original  notes. 

Silver  compound.     Tested  by  Hygienic  Laboratory  Method. 

Medium  Adjusted  to  1.5  acidity. 

Dilutions.                                                          2}/2  min.  5  min. 

1-25  —  — 

50  —  — 

75  -  - 

100  _  _ 

150  —  — 

200  —  — 

250  —  — 

300  —  — 

400  —  — 

500  —  — 

600  -I-  — 

Medium  not  adjusted — acidity  0.9. 

2Y2  min.  15  nii)i. 

1-25  —  — 

50  +  + 

75  +  + 

100  ,  +  + 

150  +  + 

200  +  + 

250  +  - 

300  +  + 

400  +  + 

500  +  + 

Protocol  2.    From  original  notes. 

Formaldehyde  gas  generated  in  a  space  of  800,000  cc.  capacity. 

54  cc.  failed  to  kill  bedbugs  and  roaches. 

16  cc.  failed  to  kill  flies  and  moths. 

These  quantities  exceed  the  amount  necessary  for  efficient 
fumigation,  which  is  13  cc.  for  this  space.  The  experiments  with 
bedbugs  and  roaches  were  continued  with  increasing  amounts  to 
determine  if  any  quantity  is  toxic  in  vapor  form. 
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Tlic   solution  is   said   to   be   more   or   less   toxic    to   tlies   when 
ingested,  but  is  by  no  means  a  specific  poison  when  so  used. 
Protocol  J.     From  Bui.  Xo.  2T,  Hygienic  Laboratory. 

Experiment  4. 


Formalin   used 

600  cc. 

Permanganate  used 

300  gm. 

Capacity  of  room 

2,000  cu.  ft 

Yield  of  formaldehyde 

2,2,% 

Temperature 

77°  F. 

Relative   humidity 

72% 

Results 

5 

10 

15 

20 

30 

45      60 

B.  pyocyaneus 

+ 

.  + 

— 

— 

— 

—      — 

B.  coli  communis 

+ 

— 

— 

— 

— 

_ 

B.  dysenterise 

+ 

+ 

— 

— 

— 

—      — 

B.  subtilis 

+ 

+ 

+ 

+ 

+ 

+      — 

E 

x'l^crimcnt 

(i. 

Formalin  used 

600  cc. 

Permanganate  used 

300  gm. 

Capacity  of  room 

2.000  cu.  ft 

Yield  of  formaldehyde 

Z7.7  % 

Temperature 

71°  F. 

Relative  humidity 

45% 

Results 

5 

10 

20 

45 

60 

90     120 

B.  pyoc\aneiis 

-h 

+ 

+ 

+ 

— 

—      — 

B.  coli  communis 

+ 

+ 

+ 

— 

— 

—      — 

B.  dysenterise 

+ 

+ 

+ 

+ 

— 

—      — 

B.  subtilis 

+ 

O- 

+ 

+ 

+ 

+       + 

Difference  due  to  percentage  of  humidity. 

Protocol  4.     From  original  notes. 

Germicidal  tests  of  samples  of  Castile  soap.  .Sample  1-6 
inclusive  were  practically  neutral.  Sample  Xo.  S  was  distinctly 
more  alkaline  than  Xo.  7,  and  both  contained  decidedly  more 
alkali  than  the  others. 

Sample.  Coeificieiit. 

1  .05 

2  less  than  .05 

3  less  than  .05 

4  .07 

5  .05 

6  .05 

7  .18 

8  .26 


(iS 

Adding  1  part  KOH  to  SO  parts  of  No.  4,  the  resulting  mix 
lure  had  a  coefficient  of  .3. 

Protocol  5.      From  "Soaps  from  different  glycerides,"  Ham- 
ilton.   /.  Ind.  &  Eng.  Cheni.,  Aug.,  1911. 
Test  organism — B.  typhosus. 

+  indicates  growth  in  subculture. 
—  indicates  no  growth  in  subculture. 

Result  in 
Glyceridc.  Oil  used.  Dtlnlion.         5  uiin. 

Trilaurin  Cocoanut    

1-50  + 

Tribrassiii  Rape  seed 1_20  -|- 

Ti  ivalerin  Whale 1.20  -f 

Trilinolein  Linseed  1,20  -|- 

1  rincinoleni        Castor  

1-30  + 

Tripalmitin  Palm   1-20  + 

Triolein  Olive  

1-30  + 

Resin 1-20  + 

Protocol  6.  From  "Germicidal  Value  of  Ethyl  Alcohol," 
Harrington  &  Walker,  Boston  Medical  and  Surgical  Journal, 
Vol.  148,  1908,  p.  548. 

B.    typhosus — Dried. 

Alcohol  5         10         15        30        43        60  miii. 

15%  +        +        +        +        +        + 

20  +        +        +        +        +        + 

25  +_____ 

30  ______ 

80  ______ 

85  +        +        +        ___ 

90  +         +         +         +         +         -f 

B    tyt^hosus — Moist. 

15  +        +         +        +        +        + 

20  +         +         +         +         +         + 

25  +_____ 

30  ______ 

90  ______ 

99  ______ 


From  original  notes. 

B.  typhosus — moist. 

Ethyl  Alcohol  12          3          4          5    min. 

25  +         +         +         +         + 

30  +        +        +        +        + 

40  _____ 

85  _____ 

90  +        _        _        _        _ 

Protocol  /.      Phenol  coefficients    claimed    for   a   commercial 
product. 

Toward     B.  pestis  40 

B.  diphtheria  30 

B.  entericus  20 

B.  coli  17 

Cholera  42 

From  original  notes. 

Coefficients    of    two  disinfectants    based    on    two    difTerent 
organisms. 


B. 

B. 

tyf>hosus 

pyocyaneus 

4 

2 

16 

4 

Disinfectant  1 

2 

Protocol  8.     From  original  notes. 

I'henols  separated  from  coal-tar  oil  and  redistilled  further  to 
separate  at  each  10°  C.  or  at  such  points  as  to  obtain  sufhcient 
for  germicidal  test. 

Emulsive  disinfectants  containing  7<S  per  cent,  of  oil  wcie 
made  from  each. 

Boiling  points.  Cocfficiciils. 
200°-210°  C.  5.5 

210°-220°  C.  8.7 

220°-230°  C.  14.5 

230° -240°  C.  18.1 

240° -280°  C.  24. 

The  entire  phenols  made  into  a  similar  product  had  a  coefficient 
of  17. 

Ordinary  cresylic  acid  with  boiling  points  of  185°-205°  has  a 
coefficient  of  4-5. 
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Protocol  g.     From  original  notes. 
Phenol  in  aqueous  solution. 


2^2  min.  15  min. 


1-90  —  — 

1-100  +  — 

1-110  +  — , 

1-120  +  + 

Phenol  niolecularly  combined  with  caustic  soda. 

1-20  —  — 

1-40  —  — 

50  +  — 

60  +  + 

80  +  + 

Phenol  molecularly  combined  with  lime. 

1-20  —  — 

40  +  + 

60  +  + 

80  +  + 

Protocol  10.    From  original  notes. 

Cresylic  acid  and  soap. 

[Cresol  Compound  U.  S.  P.]  containing  50  per  cent,  cresols. 

Dilutions.  2^  tnin.  15  min. 

1-180  —  — 

200  +  — 

220  +  — 

240  +  + 

Cresylic  acid  combined  molecularly  with  lime. 

Dilutions  based  on  cresol  content. 

1-175  —  — 

200  —  — 

250  +  — 

300  +  + 

350  +  -f- 

Cresylic  acid  combined  molecularly  with  caustic  soda. 

1-160  —  — 

200  +  — 

240  +  + 

280  +  + 
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Coefficients  based  on  the  cresol  content. 

1st  approximately 

2nd 

3rd 

4 

2.4 

2 

+ 

— 

— 

— 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Protocol  II.     From  original  notes. 
Germicidal  assay  of  freshly  slaked  lime. 
Dilutions  based  on  the  lime  (CaO)  used. 

Dilutions.  /5         jo         45         60  min. 

1-1.000  _        _        _        _ 

1,500  _        _        _        _ 

2,000  _        _        _        _ 

2,500 

3,000 

4,000 

Phenol  dilutions. 

1-120                                                             _  _  _  _ 

140                                                          +  _  _  _ 

160                                                          +  +  +  - 

180                                                          +  +  +  + 

Coefficient  about  20. 

Protocol  12.     From  original  notes. 

Disinfectant  No.  A,  about  80  per  cent.  Cresylic  .\cid  [Cresylic 
Acid  8  cc,  Soft  Soap  2  gm.] 

Disinfectant  No.  B,  about  50  per  cent.  Cresylic  Acid  [Cresylic 
Acid  5  cc.  Soft  Soap  5  gm.] 

Hv(;iF.Nic  Labor.^torv  Mkthod. 
Diluticns.  Results. 


300 

400 

450 

500 

550 

600 

650 

700 

750 

800  — 

850  + 


21/2  miu. 

15  min. 

A         B 

A        B 

-         + 

—         + 

—         + 

+ 

-        + 

+ 

—        + 

-        + 
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Phenol.  21/2  min.  15  min. 

90  — 

100  + 

110  — 

120  + 

Coefficient  A  6.9. 
B  4.6. 

When  calculated  to  the  cresylic  acid  on  the  basis  the  amount 
contained  in  each  , 

Coefficient  A-8.6. 
B-9.2. 

Protocol  I  J.     From  original  notes. 
Germicidal  Assay — Hygienic  Laboratory  Method. 

Sample   of   disinfectant   that  has   been   exposed   to  the   light 
August    28-September    28.       (!)     compared    with    the    original 


sample  (2). 

2/2 

15  min. 

2/2 

15  n 

1-1,200 

— 

1-1,200 

— 

1,400 

+ 

1,400 

— 

( 1 )       1,600 

+ 

— 

(2) 

1,600 

— 

— 

1,800 

+ 

— 

1,800 

+ 

— 

2,000 

— 

2,000 

— 

2,200 

+ 

2,200 

+ 

1-1,200 

— 

1-1,200 

— 

1,400 

— 

1,400 

— 

1,600     . 

+ 

— 

1,600 

— 

— 

1,800 

+ 

+ 

1,800 

+ 

— 

2,000 

+ 

2,000 

+ 

2.200 

+ 

2,200 

+ 

1-1,400 

— 

— 

1-1,400 

— 

— 

1,600 

+ 

— 

1,600 

— 

— 

1.800 

+ 

+ 

1,800 

+ 

— 

2.000 

+ 

+ 

2,000 

+ 

+ 

2,200 

+ 

+ 

2,200 

+ 

+ 

Phenol. 

1-100 

— 

— 

110 

+ 

— 

120 

+ 

— 

130 

+ 

-f 

140 

+ 

+ 

Coeffici 

ent 

(1) 

13.6. 

(2) 

15 

+ 

1 

— 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Protocol  14.  r^rom  label  on  j)ackage  of  disinfectant :  "Leaves 
no  odor.  A  powerful  antiseptic  and  j^ermicidc  of  the  Naphthalene 
series." 

Inert  Ingredients. 
Water  23  per  cent. 
Glycerine  40  per  cent. 
"Seven  times  less  poisonous  and  ten  times  more  efficient  than 
carbolic  acid." 

From  results  of  assay: 

Dilutions.  2j/4  5  min. 

1-100  .  —  — 

175 

200 

250 

300 

400 

600 

800 
1,000 
Phenol. 

110  —  — 

120  +  — 

Coefficient   1.6. 

Protocol  If,.  From  Public  Health  Reports.  Oct.  S,  IDl.'),  p. 
3008. 

B.  typhosus.  20°   C. 

Phenol.  2y2  15  min. 

80  —  - 

90  +  - 

100  +  — 

no  +  + 

120  +  + 
Pine  Oil  Disinfectant. 

375  —  - 

400  —  - 

450  +  — 

500  +  + 

550  +  + 
Coefficient  4.75. 

Note  growth  from  ."iOO  dilution  in  1.")  min.  subctilture. 

Protocol  i6.  l-'rom  original  notes.  Pine  Oil  Disinfectant. 
From  John  A.  MacKeathan.  Fayetteville.  N.  C. 
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Hygienic  Laboratory 

Method. 

Dilutions. 

2/2 

1st  test. 

1-150 

+ 

200 

+ 

300 

+ 

400 

+ 

500 

+ 

600 

+ 

2d  test. 

1-  50 

— 

75 

+ 

100 

+ 

125 

+ 

150 

+ 

200 

+ 

3d  test. 

1-  30 

— 

40 

— 

50 

— 

75 

+ 

100 

+ 

125 

Phenol. 

1-100 

— 

110 

+ 

120 

+ 

130 

Coefficient  .55. 

tocol  ly. 

From 

original  notes. 

15 


+ 
+ 
+  ■ 

+ 


+ 
+ 
+ 
+ 


+ 
+ 


+ 


Chloramine  Assay — Hygienic  Laboratory  Method. 


1,800 
2,000 
2,200 
2,400 
2,600 
5,000 
6,000 
8,000 
10,000 
12.000 


21/2  min. 


+ 
+ 
+ 


15  min. 


+ 


Coefficient  about  50.  This  test  shows  how  important  a  factor 
time  is  in  teslinj^  the  value  of  Chloramine. 

Protocol  JiS.     I'^roni  original  notes. 

Cierniicidal  test  of  a  mixture  of  water  solul)le  phenols  appli- 
cal)le  where  freedom  from  toxicity  and  irritation  combined  with 
hit^li  efliciency  are  essential  factors. 

Dilitlidii.  Time  and  Kesulis. 

2]/'  mill.  IS  mill. 

1,800  — 

2,000  .               — 

2,200  +  — 

2,400  -I-  — 

2.600  +  + 

Phenol. 

90  — 

100  — 

110  +  — 

120  — 

130  + 

Coefficient  20. 

Protocol  IQ.     From  original  notes. 

Germicidal  value  of  a  saturated  solution  of  Chloretone  in  dis- 
tilled water  (about  0.8  per  cent.).  The  solution  was  inoculated 
with  a  culture  of  B.  typhosus  and  sub-cultures  taken  at  1  minute 
inter\als  as  follows: 

1234  5  6789        10 

Protocol  20.     From  original  notes. 

Germicidal  test  of  Methyl  Violet  against  B.  diphtheria.  Sub- 
cultures made  at  1  minute  only. 

Dilutions.  i  min.  Sub-ciiltiires. 

1,000  _ 

2,000  — 

5.000  __ 

10.000  _ 

15,000  _ 

17,000  _ 

18,000  + 

20.000  + 
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Test  of  Gentian  Violet  under  the  same  conditions. 

'^^^^iions.  ,  ,„■„  Sub-ciiUures 

1,000  _^ 

5,000  _^ 

10,000  _,_ 

20,000  _p. 

50,000  _,_ 

Test  of  Malachite  Green  under  same  conditions. 

^''"''^'"-  /  min.  Sub-cullurcs. 

500  __ 

1,000  _ 

1.200  __ 

1,400  . 

1.600  , 

2,000  ^ 


Studies  from  the  Research  Laboratory 
Parke,     Davis    &    Co. 
Reprint  No.  122.  1917. 

(Kcprintcd    from    the    I'roceeilings    of    the    Wisconsin    Veterinary    Medical    Association, 

1917.) 

CANINE   DISTEMPER:   REVIEW  OF  THE  WORK  OF 
VARIOUS  INVESTIGATORS  IN  THE  ATTEMPT 
TO  ESTABLISH  THE  PRIMARY  ETIO- 
LOGICAL FACTOR.* 

X.  S.  Frrrv,  Uktroit,  Mkh. 

Rabies  and  distemper  are  the  two  oldest,  the  most  destructive 
and  the  widest  known  diseases  of  the  canine  race.  Just  when 
canine  distemper  was  first  described  is  a  question  that  will  prob- 
ably never  be  answered.  Rabies  is  said  to  have  been  recognized 
before  the  time  of  Aristotle,  although  rabies  and  distemper  were 
never  truly  differentiated  until  LS()9,  at  which  time  Jenner  clearly 
demonstrated  that  the  two  diseases  were  distinct  entities.  A'irgil 
and  Aristotle  mention  a  disease,  which  appears  to  have  occurred 
as  an  epizootic  during  or  just  before  their  time,  under  the  name 
"cynanche :"  a  clear  description  of  the  disease,  however,  is  not 
given.  A  disease  among  the  canine  race,  w^hich  raged  as  an 
epizootic  in  Bohemia  during  the  year  1028,  was  described  by 
Laosson  as  true  distemper.  If  this  is  a  fact,  it  is  the  earliest 
authentic  account  of  the  disease  of  which  we  have  record. 
.According  to  Stegman  it  was  observed  in  (lermany  in  KiDT;  and 
riloa,  in  his  "Historical  Travels  in  .\mcrica,"  mentions  observ- 
ing an  eruptive  disease  .among  dogs  in  South  America  in  1725. 
It  has  been  said  that  it  was  brought  into  F.urope  from  America 
soon  after  the  discovery  of  this  country,  while  others  claim  that 
the  introduction  into  I'.urope  was  much  later — about  the  middle 
of  the  eighteenth  century — being  carried  first  to  Spain  and  thence 
to  ]">ance,  Germany,  and  linally  spreading  rai)i(lly  to  other  coim- 
tries.  However,  it  is  an  open  cpiestion  as  to  when  and  how  the 
disease  made  its  fir.st  appearance  in  Germany  and  France,  as  the 
older  French  writers  considered  that  the  disease  was  brought  into 

*Rcad  before  tlic  seconil  annual  meeting  of  the  Wisconsin  N'eterinary  Medical 
.\ysociation,    Madison,    Wis.,    Jan.    Kith    to    ISili,    ]S»1T. 
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their  country  from  England,  while  the  English  editors  maintained 
that  it  was  imported  from  France  into  England.  This  latter 
contention  was  probably  true,  as  it  was  known  in  France  in  1740 
and  in  England  not  until  nearly  twenty  years  later.  In  Germany 
it  was  known  in  1748,  and  in  Italy  in  1764.  In  Russia  and 
Siberia  it  was  recognized  in  1764  and  1787  respectively,  and,  in 
these  latter  two  countries,  it  is  a  question  of  great  importance,  as 
the  disease  works  great  havoc  among  the  sledge  dogs,  which  are 
practically  the  only  means  of  transportation.  In  Greenland  and 
Iceland  the  disease  has  been  so  disastrous  since  1859  as  to  nearly 
exterminate  the  species  in  those  countries. 

As  a  rule  the  disease  is  not  considered  one  of  great  economic 
importance,  yet  thousands  of  dollars  are  lost  yearly  through  the 
death  of  many  valuable  animals,  and  for  that  reason,  as  well  as 
for  scientific  purposes  solely,  a  large  amount  of  experimental 
work  has  been  carried  on  during  the  past  few  years  to  determine, 
if  possible,  the  principal  etiologic  factor,  and  many  attempts  have 
been  made  to  place  the  therapeutics  of  the  disease,  both  prophy- 
lactic and  curative,  on  a  scientific  basis. 

Following  the  work  of  Jenner  in  1809,  who  showed  us  the 
difference  between  rabies  and  distemper,  several  articles  were 
written  assigning  to  the  role  of  the  principal  etiologic  factor  many 
various  and  curious  conditions,  but  it  was  not  until  1875  that  the 
first  microorganism  was  described  as  the  cause.  At  this  time 
Semmer  published  an  article  in  which  he  claimed  he  had  found 
a  small  bacillus  in  the  blood  of  affected  dogs  a  few  hours  after 
death.  After  this  work  was  brought  out,  which  was  really  the 
beginning  of  the  study  of  the  disease  along  scientific  lines,  numer- 
ous papers  were  written  bearing  on  the  subject  of  the  etiology, 
and  as  many  different  microorganisms  were  described  as  there 
were  investigators,  but  it  was  not  until  between  1908  and  1913 
that  an  attempt  was  carried  through  apparently  successfully  to 
prove  the  relation  of  any  single  organism  to  the  disease  by  means 
of  experimental  inoculation  and  specific  serum  reactions.  The 
organism  with  which  this  work  was  done  was  described  first  by 
Ferry  (1)  (2)  in  1910,  followed  by  McGowan  (3)  (5)  (6)  in 
1911  and  by  Torrey  and  Rahe  (4)  in  1913. 

Of  the  various  investigators  who  published  between  1875  and 
1910  the  following  are  the  most  prominent:     Krajewski  in  1881 
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described  a  micrococcus ;  Mathis  in  1887  a  diplococcus ;  Marcone 
and  ]\Ieloni  in  1886  a  coccus  similar  to  the  staphylococcus;  Jac- 
quot  and  Legrain  in  1890  a  motile  bacillus ;  IMillais  in  1890  a  long 
bacillus;  Schantyr  in  1892  divided  distemper  into  three  distinct 
diseases  and  described  three  organisms,  one  for  each  disease ; 
Jensen  in  1898  described  a  streptococcus  as  the  cause  of  the 
pneumonia  so  frequently  seen  as  a  complication;  Valerio  in  1896 
a  bacillus  that  produced  gas ;  Babes  and  Barzanesco  in  1897  a 
bacillus,  and  Petropawlowsky  in  1897  also  a  bacillus  similar  to 
the  colon  bacillus ;  Taty  and  Jacquin  in  1898  a  diplococcus ;  Cope- 
man  in  1900  a  small  bacillus  with  which  he  made  a  vaccine  said 
to  produce  favorable  results;  Lignieres  and  Phisalix  in  1900  and 
3  901  described  a  long  bacillus  with  which  they  also  made  a  vac- 
cine and  a  serum. 

In  1905  Carre  (14)  (15)  described  some  experiments  carried 
on  by  him  which  convinced  him  of  the  existence  of  a  filterable 
virus.  This  was  later  confirmed  by  Lignieres,  and,  as  a  result, 
the  filterable  virus  or  ultramicroscopic  theory  is  still  held  by  a 
large  number  of  writers. 

The  microorganism  first  described  by  Ferry  and  named  by 
him  "Bacillus  bronchisepticus"  (7),  was  isolated  up  to  the  time 
of  his  second  publication  from  97  dogs  at  autopsy.  In  68  cases 
it  was  isolated  in  pure  culture,  either  from  the  respiratory  tract 
or  blood.  The  organism  was  found  in  12  out  of  -42  blood  cultures. 
From  29  laboratory  dogs  with  symptoms  of  distemper  M'Gowan 
found  the  same  organism  in  27  cases ;  being  isolated  in  most 
cases  from  the  mucous  membranes  of  the  nose.  The  organism 
was  not  found  by  him  in  blood  cultures.  Torrey  found  the 
organism  in  65  out  of  80  cases;  from  the  liver  in  32%  of  the 
cases,  from  the  kidney  in  16%,  and  the  blood  in  6%. 

By  means  of  inoculation  experiments  both  Ferry  and  Torrey 
were  successful  in  producing  the  disease  in  normal  dogs.  Ferry 
by  the  tracheal  route  and  Torrey  by  the  nasal. 

The  relationship  of  the  organism  to  distemper  has  also  been 
shown  by  means  of  agglutination,  complement  fixation  and  other 
specific  tests,  so  that  proof  as  regards  the  specificity  of  the 
organism  is  not  lacking. 

It  is  also  of  interest  to  know  that  this  microorganism  is  known 
to   produce  a  disease   somewhat   similar   to   distemper  in   other 


80 
animals,  such  as  tlie  rabbit,  guinea-])ig,  cat,  monkey,  ferret,  and 
likewise  in  a  few  cases  in  the  human  subject.  M'(iowan  in 
1!M  1  ])ublishc(l  his  hndings  in  the  clog,  cat,  rabbit  and  guinea-])ig, 
while  Ferry  (7)  (8)  (9)  (10)  in  ^*)}•>  corroborated  this  and 
added  the  ferret  and  monkey  to  the  list.  The  organism  has  been 
isolated  from  the  human  subject  by  M'Ciowan,  Ferry  and  the 
New  York  l»oard  of  Health  Laboratory.  The  organism  has  also 
been  isolated  from  the  guinea-pig  by  Smith  ( ".M  )  in  1*)|4,  llolman 
(•^8)  in  l!)l(i,  and  Rhea  (22)  in  the  dog  in  1!)]:.. 

During  the  past  year,  also,  a  large  amount  of  work  has  been 
carried  on  by  Kolmer  and  Reichel  (Ki)  (17)  and  their  associates, 
to  determine,  as  far  as  possible,  the  exact  status  of  the  B.  bron- 
chisepticus,  and,  while  two  papers  have  already  been  published, 
it  is  understood  that  others  (1<S)  are  to  follow  and  at  present  no 
definite  conclusions  are  available. 

Stimulated  by  the  results  of  some  work  of  Alallory  (2^)}  (2(i) 
(27j  and  his  associates  in  Boston  in  1!)12  and  1!)13,  who  sug- 
gested that  B.  bronchisepticus  and  B.  pertussis  appeared  to  be 
rather  closely  associated.  Ferry  (12)  (13)  and  his  associates,  in  a 
series  of  papers  to  be  published  later,  have  shown  that,  while  the 
cultural  characteristics  and  some  of  the  serological  reactions  are, 
in  many  respects,  identical,  giving  the  organisms  the  appearance 
of  being  closely  related,  yet  enough  difference  can  be  detected  to 
prove  conclusively  that  they  are  distinct. 

It  has  also  been  suggested  by  Horn  and  Victors  (19)  of  San 
Francisco,  as  a  result  of  some  comparative  tests  between  B. 
bronchisepticus  and  Coccobacillus  fetidus  ozense  (Perez)  that 
these  two  organisms  are  "indisputably  in  the  same  class"  and  that 
"the  advanced  hypothesis  that  the  infection  of  fetid  ozena  is 
carried  by  dogs,  presents  an  interesting  complex."  This  is  a 
phase  of  the  question  that  should  be  determined  as  soon  as 
possible.  Work  is  being  carried  on  at  the  present  time  by  the 
author  with  that  end  in  view  (20). 

The  contention  relative  to  the  filterability  of  the  virus  of 
distemper  must  also  be  settled  before  the  question  as  to  the 
specificity  of  B.  bronchisepticus  is  solved  to  the  entire  satisfaction 
of  all  authors.  Carre,  Lignieres  and  the  majority  of  writers  on 
the.  subject,  up  to  the  last  few  years,  have  argued,  as  a  result  of 
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the  work  by  Carre,  that  the  virus  of  distemper  is  filterable  or 
ultramicroscopic.  On  the  other  hand,  a  large  number  of  oIj- 
servers,  as  a  result  of  the  exj)eriments  of  Ferry,  MXiowan. 
Torrey  and  others,  believe  that  I>.  bronchisci:)ticus  is  indisputably 
the  cause  of  the  disease.  It  is  also  of  interest  to  know  that 
Ferry  (11  )  has  proved,  by  means  of  a  series  of  experiments,  that 
15.  bronchise])ticus  is  small  enough  to  readily  pass  through 
the  pores  of  both  the  Berkefeld  and  Pasteur  filters,  and  therefore 
is  a  filterable  virus.  Wherry  ("^4)  claims  to  have  previously 
filtered  this  organism.  It  was  also  discovered  that  the  less 
pressure  was  used  the  more  oftien  would  the  organism  be  found 
in  the  filtrate.  Accordingly  then,  as  Ferry  has  stated,  "If  B. 
bronchisepticus  is  the  cause  of  canine  distemper,  then  the  experi- 
ments corroborate  the  work  of  Carre.  If  the  work  of  Carre  was 
correct,  and  if  the  causative  agent  of  canine  distemj^er  is  a  filter- 
able virus,  then  the  e.xi)eriments  ])oint  very  conclusixelv  to  I>. 
brcjnchisepticus  and  confirm  the  findings  of  the  three  ])reviouslv 
mentioned  investigators." 

In  order  to  further  substantiate  the  jiosition  given  to  P). 
bronchisepticus.  Ferry  and  also  Torrey  and  Rahe  carried  on  a 
relatively  large  number  of  prophylactic  inoculations  with  suspen- 
sions of  the  dead  organisms  and  found,  in  a  large  percentage  of 
the  cases,  that  a  true  protection  had  been  established  in  the 
inoculated  dogs,  and  that  the  controls,  in  practically  all  cases, 
rapidly  succumbed  to  the  ravages  of  the  disease. 

Based  on  the  results  of  the  experiments  of  these  observers, 
bacterial  vaccines  containing  this  organism  are  now  listed  by 
several  reputable  commercial  houses.  When  used  with  proper 
l)recaulion,  extremely  gratifying  results,  Ijoth  jirophylactic  and 
curative,  have  been  reported.  -\s  regards  the  prophylactic  use 
of  the  \accines,  failures  can  be  satisfactorily  explained  on  the 
groiuid  that  these  vaccines  are  still  ])ractically  in  the  cxjierimental 
stage,  and  there  is  no  doubt  that  improved  methods  of  prepara- 
tion as  well  as  a  more  satisfactory  technic  of  administration  will 
insure  better  results  in  the  future.  ()ften  the  dogs  are  exp()se<l 
too  soon  after  treatment  and,  as  their  resistance  has  been  lowered, 
as  a  result  of  the  injection  of  the  antigen,  they  arc  more  liable  to 
intection  than  a  normal  dog  under  the  same  conditions.  Perhai)S 
in   some  cases  the  doses  are  too   large,  and   in   others  too   small. 
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These  questions  can  only  be  answered  by  experience.  When 
using  the  vaccine  for  therapeutic  or  curative  purposes,  however, 
it  must  be  remembered  that  the  condition  is  that  of  an  acute 
general  infection,  complicated  with  severe  secondary  infections 
by  the  time  they  are  first  called  to  the  attention  ,of  the  veterin- 
arian— in  which  case  vaccines  would  have  very  little  chance  of 
producing  beneficial  results. 

In  order  to  overcome  this  situation,  a  situation  often  attri- 
buted to  the  vaccine  itself,  an  antidistemper  serum  has  been  pre- 
pared which  offers  more  hope  than  vaccines  for  these  acute 
conditions,  and  which  bids  fair  to  entirely  replace  them,  in  the 
future,  as  a  curative  agent.  A  serum,  for  prophylatic  purposes, 
is  of  little  value  unless  used  simultaneously  with  the  vaccine. 
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THE  FREQUENCY  AND  SIGNIFICANCE  OF  DYSFUNC- 
TION OF  THE  INTERNAL  SECRETORY  SYSTEM 
IN  THE  FEEBLEMINDED.- 

By  Carey  Pratt  McCord,  M.D.,  Detroit, 
AND  H.  A.  Haynes,  M.D.,  Lapeer,  Mich. 

At  the  Michigan  Home  and  Training  School,  a  State  institu- 
tion for  the  care  of  the  feebleminded,  1,134  inmates  have  been 
examined  for  indications  of  abnormal  functioning  of  the  internal 
secreting  organs.  The  population  of  this  institution,  1,260,  is  so 
diversified  as  to  age  and  degrees  and  types  of  mental  deficiency 
as  to  accord  ample  material  for  quantitative  conclusions.  The 
following  report  is  the  result  of  this  survey.  The  cases  are  not 
selected  either  as  to  diagnosis  or  treatment.  The  technical  evi- 
dences from  this  series  of  examinations  that  serve  as  the  founda- 
tion of  the  conception  of  the  nature  of  feeblemindedness  here 
expressed  are  too  extensive  to  be  included.  Essential  points 
along  this  line  will  be  grouped  in  more  specialized  subsequent 
reports. 

The  recent  impetus  of  problems  of  internal  secretion  has 
resulted  in  activity  directed  more  especially  to  the  clinical  aspects 
of  glandular  dysfunction.  For  many  years  only  certain  extreme 
clinical  types  were  associated  with  glandular  irregularity.  Upon 
these  infrequently  encountered  types,  exhibiting  a  totality  of 
manifestations,  medical  thought  was  so  closely  focused  that  there 
has  been  scant  recognition  of  the  many  gradations  between  these 
complete  types  and  normality.  Very  slowly  have  we  become 
aware  that  the  protean  symptoms  of  these  milder,  intermediate 
glandular  disturbances  may  be  determined  with  reasonable  pre- 
cision in  an  integral  part  of  the  morbid  states  that  come  to  the 
attention   of   the   physician.       Following  the    realization   of   the 
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number  of  individuals  in  whose  pathological  condition  a  glandular 
element  may  be  established,  there  have  accrued  much  additional 
acceptable  evidence  indicative  of  an  endocrine  factor  in  widely 
diversified  perversions  of  growth  and  development,  of  nutrition 
and  elimination,  of  sex  differentiation  and  maturation,  of  men- 
tality, and  of  temperament.  The  correlations  existing  between 
feeblemindedness  and  vegetative  glandular  dysfunction  are,  how- 
ever, but  meagrely  delineated.  This  in  some  measure  is  attrib- 
utable to  the  circumstances  that  at  the  time  of  this  renaissance 
in  endocrinology  the  close  attention  of  those  most  familiar  with 
the  problems  of  feeblemindedness  has  been  directed  to  investiga- 
tions of  the  intellectual  limitations  of  the  feebleminded  and  the 
sociological  and  economical  aspects  of  feeblemindedness. 

If  all  life  activities  are  arranged  in  strata  on  the  basis  of 
phylogenetic  progressions,  three  such  levels  mark  the  essential 
gradations:  the  level  of  vegetative  activity,  the  level  of  reflex 
activity,  and  the  level  of  psychic  activity.  Manifestly  in  these 
terms  feeblemindedness  represents  an  inadequacy  of  functioning 
on  the  normal  psychic  level  concomitant  to  inadequacy  of  func- 
tioning on  the  vegetative  level. 

The  essence  of  feeblemindedness  lies  in  organic  defect,  mor- 
phogenetic  or  chemical,  having  origin  in  heredity  or  in  embryonic 
or  postnatal  malconditions,  involving  the  organism  as  a  whole  or 
through  elective  action,  specific  systems  or  organs. 

It  is  duly  recognized  that  the  system  of  internal  secreting 
glands  is  but  one  and  not  the  exclusive  source  of  substances 
influencing  the  diversified  growth — difi^erentiation  processes. 
However,  this  endocrine  vegetative  unit,  together  with  the  inte- 
grating vegetative  nervous  system,  is  so  essentially  far-reaching 
that  growth  and  development  of  the  entire  body  can  only  proceed 
along  normal  lines  under  conditions  of  adequately  normal  func- 
tioning of  these  vegetative  organs.  Stimulus  for  the  conception 
of  internal  secretory  anomalies  as  a  causative  factor  of  certain 
mental  deficiencies  arises  from  the  frequency  of  simultaneous 
occurrence  of  feeblemindedness  and  developmental  defects  of  a 
character  known  to  be  influenced  by  the  internal  secretory  system. 
If  comparison  is  made  between  the  anomalies  of  body  activity, 
the  outgrowth  of  known  endocrinous  dysfunction  and  impaired 
body  activity  demonstrably  associated  with  feeblemindedness,  the 
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two  in  many  respects  coincide.  However,  the  full  measure  of 
frequency  and  significance  of  these  pathogenic  relations  remains 
undetermined  and  their  investigation  becomes  an  obvious  duty. 

THE   VEGETATIVE    GLANDULAR    SYSTEM THE    VEGETATIVE    NERVOUS 

SYSTEM. 

Pathoijcncsis  of  (/landiilar  diseases. — It  is  deemed  neither 
necessary  nor  profitable  that  this  report  should  cover  an  exhaus- 
tive delineation  of  the  specific  individual  glandular  functions. 
The  entire  group  of  organs  is  evaluated  as  a  unified  system  with 
interlocking  functions.  Although  of  diiTerent  embryonic  origins 
and  having  peculiar  morphogeneses  and  spatial  relations,  these 
organs  are  intimately  correlated  one  with  the  other  and  to  a  less 
degree  with  all  other  organs  and  tissues  of  the  body.  This  ready 
far-reaching  contact  is  affected  and  balanced  in  part  through 
chemical  correlations  resulting  from  the  exciting  and  restraining 
influence  on  cell  dynamics  induced  by  the  glandular  elaborations — • 
the  hormones;  in  part  also  these  activities  are  mediated  by  the 
vegetative  nervous  system.  The  internal  secretory  organs  are 
themselves  vegetative,  and  although  terminology  specifies  the 
"vegetative  glandular  system,"  and  the  "vegetative  nervous  sys- 
tem," functionally  the  two  are  not  sharply  demarcated.  The 
vegetative  nervous  system  is  composed  of  two  antagonistic  ner- 
vous mechanisms :  the  sympathetic  and  the  autonomic  systems. 
Certain  substances  are  elective  in  their  action  upon  these  antag- 
onistic factors,  and  through  this  pharmacodiagnosis  the  state  of 
responsiveness  of  these  components  under  various  morbid  con- 
ditions is  quantitatively  determinable. 

These  several  mutually  influenced  elements  in  the  vegetative 
system  integrate  the  physicochemical  activities  of  the  body.  Such 
activities,  however,  represent  only  one  level  in  life  processes ; 
higher  are  the  sensorimotor  (reflex)  and  psychic  levels.  In  the 
processes  of  the  integration  and  in  the  functioning  on  these  higher 
levels,  the  vegetative  level  is  brought  into  intimacy  of  reciprocal 
relations.  Thus  the  organism  is  not  composed  of  isolated  autono- 
mies, but  of  interrelated  systems  so  integrated  as  to  make  for 
a  unified  total  organisuL 

The  normal  unfolding  of  the  various  growth  development 
dift'erentiation  i)rocesses  betokened  at  the  con i unction  of  the  male 


and  female  sex  cells,  the  consummation  of  which  is  distributed 
throughout  intrauterine  and  postnatal  life,  is  dependent  in  full 
measure  upon  adequately  functioning  vegetative  organs.  How- 
ever, notwithstanding  this  essentiality  to  the  integrity  of  the 
entire  organism,  these  organs  are  themselves  subject  to  disease, 
to  trauma,  to  a  malheredity,  to  the  influence  of  deleterious  agents, 
and  concomitant  thereto  the  whole  body  is  impaired.  The  etiology 
of  glandular  diseases  is  both  diverse  and  obscure  and  the  factors 
of  incidence  here  included  must  be  accepted  as  only  partial. 
Heredity  as  a  prime  etiological  factor  in  glandular  disease  is  sub- 
stantiated by  a  mass  of  material  suggesting  a  genetic  relation 
between  glandular  disturbances,  but  proof  is  lacking  that  these 
disorders  in  large  numbers  conform  to  Mendelian  formulas.  It 
is  demonstrable  that  glandular  instability  may  recur  from  gener- 
ation to  generation  in  certain  families,  but  conflicts  arise  relative 
to  the  true  inheritance  of  the  condition  when  it  is  observed  that 
in  the  ofl^spring  a  gland  is  involved  different  from  that  involved 
in  the  parent.  For  example,  when  the  heredity  of  children  of 
hypopituitary  involvement  is  investigated  an  appreciable  number 
of  the  parents  and  grandparents  prove  to  be  cases  of  hypothyroid- 
ism. This  suggests  that  the  inheritable  factor,  rather  than  regu- 
larly being  a  specific  gland  abnormality,  may  be  an  anomaly  of 
the  general  vegetative  system  that  may  assert  itself  in  any  element 
of  that  system,  especially  in  the  vegetative  nervous  system. 

"Goitre  families"  are  of  such  frequent  occurrence  as  to  attract 
the  attention  of  the  laity;  of  less  frequency,  but  well  authenti- 
cated, are  familial  tendencies  to  diabetes,  ovarian  dysfunction, 
pituitary  disease,  excessive  obesity,  or  excessive  height.  Timme 
reports  three  generations  of  glandular  disease  beginning  in  1850 
upon  the  marriage  of  a  "moderate  giant"  and  a  diabetic.  These 
are  in  approximate  accordance  with  Mendelian  laws.  Among 
the  cases  of  the  present  report  there  are  three  family  groups  pre- 
senting identical  glandular  lesions.  The  inheritance  of  glandular 
disease  in  certain  instances  involves  the  much  debated  question 
of  the  inheritance  of  acquired  characteristics.  It  is  noteworthy 
that  endocrinopathies  arising  from  some  environmental  condition 
—scarlet  fever,  trauma,  syphilis,  neoplasm — may  reappear  in  the 
offspring.  These  do  not  constitute  a  true  inheritance,  but  rather 
grow  out  of  lack  of  homostimulation  in  intrauterine  life,  a  mat- 
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ter  to  be  again  considered  in  later  articles.  Such  manifestations 
suggest  that  the  internal  secretory  system  may  be  a  factor  in  the 
mechanism  of  inheritance  and  thus  of  far-reaching  significance 
in  practical  eugenics.  The  whole  matter  of  glandular  inheritance 
may  not  be  tinally  judged  on  data  now  available,  but  already  the 
inference  is  that  from  an  ancestry  of  vegetative  irregularity  ex- 
pressed by  glandular  dysfunction,  we  may  expect  offspring  also 
possessing  vegetative  irregularities. 

xA.part    from   inheritance   other   prenatal    conditions   may   en- 


FiG.  1. — Type  of  glandular  disease 
in  the  feebleminded.  B.  M.  Chrono- 
logical age,  fifteen  years.  Mental  age, 
2.4.  (Binet.)  Hypopituitarism,  hypo- 
thyroidism,   and    hypogonadism. 


Fig.  2. — Same  case  as  Fig.  1,  after 
two  months  of  glandular  therapy.  Dis- 
tinct improvement  in  both  physical  and 
mental    condition. 


gender  organic  deviation.  As  yet  no  blastophthoric  agent  has 
been  determined  whose  activity  is  electively  directed  toward  the 
endocrine  system.  This  system  is,  however,  involved  in  any 
generalized  blastophthora.     The  intrauterine  life,  however,  is  a 


90 

period  teeming  with  opportunity  for  developmental  deviation  in 
which  the  glandular  system  may  be  an  especial  factor.  The  im- 
plantation of  the  embryo  in  the  decidual  wall  of  the  uterus  is 
dependent  upon  normality  of  glandular  function.  Faulty  im- 
plantation is  regarded  by  ]\Iall  as  the  source  of  many  physical 
defects.  The  developing  embryo  is  bathed  in  a  blood  containing 
nutritive,  stimulating,  regulating,  and  often  deleterious  substances. 
The  growth  stimuli  of  glandular  origin  are  necessarily  at  first 
derived  from  the  mother's  glandular  system.  Very  early,  how- 
ever, the  newly  developed  fetal  glands  become  functional. 
AlcCord  has  demonstrated  a  functioning  of  the  pituitary  and 
suprarenal  glands  within  the  second  month  of  fetal  life.  The 
development  of  these  fetal  endocrine  glands  is  influenced  by  the 
glandular  system  of  the  mother.  Just  as  in  the  early  postnatal 
life  of  a  child  with  a  glandular  lesion,  e.g.,  hypothyroidism,  the 
exhibition  of  glandular  treatment  may  establish  a  normal  ade- 
quately functioning  of  the  deficient  gland  and  treatment  becomes 
no  longer  necessary,  so  in  the  embryo  its  glandular  system  appears 
to  be  influenced  by  the  homostimulative  action  of  the  maternal 
glandular  system.  The  correlations  between  the  several  tuiits  of 
the  maternal  glandular  system  is  extended  to  embrace  the  fetal 
glandular  system.  In  the  mother  a  defect  in  any  gland  tending 
secondarily  to  involve  others  of  the  maternal  system  in  a  pluri- 
glandular lesion  may  be  expected  to  involve  also  the  fetal  gland- 
ular system. 

In  the  larval  developmental  period  of  lower  animal  forms, 
which  is  only  remotely  comparable  with  intrauterine  life,  the 
metamorphosis  may  be  influenced  almost  at  will  as  to  rate  and 
character  by  feeding  with  endocrine  derivatives.  Thyroid  gland 
tissues  added  to  the  living  water  of  frog  tadpoles  will  bring  about 
the  transformation  from  the  tadpole  stage  to  the  frog  stage  within 
one  week,  whereas  without  thyroid  feeding  the  natural  trans- 
formation would  consume  three  to  five  months.  This  striking 
phenomenon  is  attributable  to  the  premature  dift'erentiation  of 
organs  and  tissues  from  thyroid  stimulation.  Such  rapidly 
formed  organs  are  always  imperfect  and  the  tadpoles  do  not 
usually  survive.  Similarly  thymus  tissue  added  to  the  living 
water  of  tadpoles  retards  differentiation.  W^hen  tadpoles  fed 
upon  thymus  tissue  reach  the  period  for  normal  transformation 
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into  frogs,  no  differentiation  occurs.  Such  tadpoles  continue  to 
grow  larger  in  size  without  the  development  of  frog  character- 
istics. 

Toxic  agents  that  under  pathological  conditions  exist  in  the 


Fic.  3. — Type  of  glandular  disease  in  the  leelilcniinded.  G.  D.  Chronological 
age,  forty-four  years.  Mental  age,  five.  (Binet.)  Primary  lesion  hyperpituitarisrn 
with  associated  hypersexual  activity,  which  led  to  castration,  with  the  subsequent 
development  of   hypopituitarism. 

human — acetone,  butyric  acid,  histamine — determine  gross  devel- 
opmental defects  in  lower  life  forms.  More  elaborate  experi- 
ments may  allow  the  inference  of  a  similar  deleterious  influence 
of  such  toxic  bodies  on  the  developing  human.  Histamine  may 
prove  of  special  significance,  as  it  represents  a  type  of  amine 
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arising  from  intestinal  putrefaction  or  from  throat  and  mouth 
infections.  In  the  feebleminded  of  low  type,  pyorrheas  of  ap- 
palling degree  and  frequency  are  encountered.  Reasonable 
detiniteness  associates  such  mouth  and  throat  conditions  with  the 
origin  of  glandular  disease. 

Embryophthora  in  the  human  is  rarely  considered  except  in 
relation  to  such  conditions  as  syphilis,  tuberculosis,  typhoid  fever, 
and  alcoholism.  The  acuter  infections  and  toxic  processes  leave 
so  few  persistent  stigmata  indicative  of  parental  pathology  that 
the  inference  is  that  the  delicate  developing  organism  likewise  is 
vmscathed.  This  assumption  is  many  times  apparently  borne 
out  when  at  birth  the  child  is  declared  to  be  normal.  However, 
potential  normality  at  birth  is  no  guarantee  of  its  permanency 
throughout  life. 

In  this  recital  of  possible  departures  from  normal  intrauterine 
life,  the  glandular  system  may  be  involved  electively  or  involved 
only  in  the  general  body  impairment  from  conditions  acting  alike 
on  all  tissues.  However,  the  same  degree  of  impairment  involv- 
ing a  gland  and,  for  example,  an  ear  or  a  muscle  is  of  far  greater 
consequence  in  the  case  of  the  gland,  for  upon  its  proper  func- 
tioning the  continued  development  of  the  whole  organism  is 
dependent. 

As  a  result  of  these  prenatal  conditions,  inheritance,  blast- 
ophthora,  and  embryophthora,  we  may  anticipate  an  appreciable 
number  of  births  of  individuals  evincing  various  degrees  of 
actual  glandular  disease  or  potential  ready  exhaustibility  of  the 
glandular  system  which  succumbs  to  a  trivial  postnatal  etiology. 
This  postnatal  etiology  includes :  1,  Infectious  processes  and 
toxins;  2,  neoplasms  and  cysts;  3,  trauma;  4,  spatial  abnormali- 
ties, such  as  pressure  on  the  pituitary  from  hydrocephalus ;  5, 
added  strains  incident  to  various  periods  of  glandular  functional 
readjustment,  e.g.,  puberty,  climacterium ;  6,  abnormal  functional 
stimuli  from  the  vegetative  nervous  system. 

From  an  etiolog}-  purely  prenatal  or  purely  postnatal  or  from 
groupings  of  elements  from  both,  we  may  expect  glandular  cases 
in  the  following  groups:  1.  Prenatal  etiology  with  abnormalities, 
anatomic  or  functional,  demonstrable  early  in  embryogenesis : 
cretinism,  multiple  glandular  hypoplasias.  2.  Prenatal  etiology 
with  abnormalities  lying  dormant  and   development  proceeding 
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nearly  normal  until  the  advent  of  some  factors  of  postnatal 
etiology  which  in  degree  may  be  trivial  and  insufficient  to  de- 
termine a  lesion  in  a  stable  glandular  system.    The  cases  in  these 


Fig.  4. — Type  of  glandular  disease  in  the  feebleminded.  L.  H.  Chronological 
age,  ten  years.  Mental  age,  about  two.  (Binet.)  Hypopituitarism  associated  with 
hydrocephalus. 

two  groups  may  be  monoglandular,  but  more  often  are  pluri- 
glandular.    A  monoglandular  lesion  may  remain  pure,  but  more 
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often  because  of  its  reciprocal  relations  becomes  pluriglandular 
in  nature  even  though  the  secondarily  involved  glands  were 
primarily  normal.  3.  Without  any  factor  of  prenatal  etiology  any 
endocrine  gland  may  become  abnormal  from  postnatal  causes, 
a  number  of  which  are  grouped  above.  Primarily  these  lesions 
are  more  frecjuently  monoglandular,  but  tend  through  distortion 
of  their  balances  with  other  glands  to  upset  the  general  equi- 
librium and  become  pluriglandular. 

These  states  of  exalted  or  of  diminished  functioning  of  the 
several  glands  and  of  their  pluriglandular  combinations  are 
characterized  by  reasonably  definite  clinical  manifestations. 
These  states  are  thus  recognizable  clinical  entities. 

Glandular  diseases  and  feeblemindedness. — It  will  already 
have  been  perceived  that  the  etiological  background  from  which 
we  may  expect  certain  glandular  conditions  to  arise  is  also  the 
etiological  background  from  which  we  may  expect  certain  feeble- 
mindedness to  arise.  Frequency  of  simultaneous  existence  of 
these  conditions  growing  from  a  common  cause  is  rational.  The 
coexistence  of  the  two  or  the  exhibition  of  feeblemindedness 
subsequent  to  an  already  exhibited  glandular  defect  more  often 
does  not  warrant  the  immediate  assumption  that  the  endocrinic 
defect  is  the  primary  pathogenic  factor  of  the  feeblemindedness, 
or  that  substitution  therapy  with  derivatives  of  the  correspond- 
ing gland  from  animals  should  eliminate  the  mental  defect.  The 
visceral,  somatic,  glandular,  and  general  neural  defects  observ- 
able in  the  feebleminded  and  in  glandular  disease  of  prenatal 
origin  are  relatively  fixed  in  degree,  although  in  their  consumma- 
tion time  is  an  element  and  their  unfolding  may  be  distributed 
over  the  normal  span  of  life.  Such  defects  are  almost  wholly 
non-irradicable,  but  to  the  hypoplasia  of  the  glandular  elements 
there  must  be  attributed  an  additional  significance  In  the  normal 
postnatal  evolution  of  embryonic  structures  into  the  adult  forms, 
there  are  continuous  day  to  day  reqiiirements  of  the  elaborations 
of  these  glands  necessary  for  this  embryogenesis,  and  these  elab- 
orations withheld  determine  an  increasing  defect  of  the  organ- 
ism as  a  whole.  In  this  supply  of  the  day  to  day  demands  lies 
the  field  for  substitution  therapy,  a  procedure  sharply  delimited 
through  the  necessary  general  artificiality  of  processes  and  of  less 
promise  to  the  institutional  degree  of  defection  than  to  border- 
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line  and  preborder-line  neuroglandular   defectives   and   to  pure 
glandular  defectives. 

Up  to  this  point  the  greater  emphasis,  because  of  the  proba- 
bility of  greater  frequency,  has  been  placed  upon  conditions  the 


Fig.  5. — Type  of  glanduiar  disease  in  the  feeblemiiukil.  C  S.  Chronological 
age,  thirty-four  years.  Deaf  mute.  Mild  hypothyroidism  with  distinct  physical  im- 
provement  from    glandular    therapy. 

outgrowth  of  cooriginating  feeblemindedness  and  glandular 
defect.  In  these  the  glandular  anomalies,  while  not  accounting 
for  the  primary  conditions,  are  accountable  for  the  increasing 
defect,  both  somatic  and  neural.  However,  apart  from  this 
phase  of  neuroglandular  disease,  glandular  dysfunctions  whose 
causative  agents  ha\e  in  no   wise  involved  the   central  nervous 
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system  may  themselves  through  developmental  inhibitions  of 
cortical  elements  determine  a  true  feeblemindedness.  Here  again 
a  multiplicity  of  gradations  exist  contingent  upon  the  gland  or 
glands  involved,  the  degree  of  glandular  defect,  and  paramount 
upon  the  stage  of  development  at  v^hich  the  malactivity  of  the 
gland  is  exerted.  A  degree  of  glandular  malfunction  acting  upon 
the  developing  child  w^ithin  its  first  year  of  life  and  producing  a 
true  hypoplastic  feeblemindedness  is  likely  when  acting  primarily 
upon  a  mature  adult  to  induce  scant  mental  disturbances  beyond 
an  apathetic  sluggishness. 

The  convictions  here  expressed  represent  the  present  trend 
of  evidence  from  an  unfinished  study  of  the  series  of  cases  now 
briefly  to  be  described. 

Personal  examinations  of  1,134  feebleminded  individuals 
were  made.  Of  this  number  649  were  males,  483  females.  The 
range  of  ages  was  from  six  years  to  the  years  of  normal  senility, 
with  a  predominance  of  those  in  the  second  and  third  decades. 
The  degree  of  mental  enfeeblement  ranged  from  a  few  border- 
line cases  to  the  lowest  grade  of  idiot.  Thirty-seven  Mongolian 
defectives  were  among  the  number.  The  routine  of  examina- 
tion, the  program  of  which  is  not  included  here,  varied  with  the 
probability  of  glandular  disease  after  making  a  cursory  prelim- 
inary examination.  The  limitations  we  have  thrown  around  this 
investigation  precludes  the  incorporation  in  this  report  of  many 
obvious  vegetative  malconditions.  Cases  of  pure  vegetative  nerv- 
ous system  involvement  are  debarred  although  such  conditions 
are  of  widespread  occurrence  among  the  low-grade  feebleminded. 
Since  this  system  is  an  integrator  of  glandular  function  its  per- 
versions stand  at  the  threshold  of  glandular  irregularity.  Of  116 
low-grade  boys  in  the  first  and  second  decades,  ninety- four  were 
found  to  possess  unstable  vegetative  nervous  systems  as  evi- 
denced in  the  hypothermia,  cyanosis,  coldness  of  acral  parts, 
cardiovascular  disturbance,  lax  joints  and  tissues,  etc.  This 
same  group  of  boys  averaged  twenty-five  pounds  underweight 
for  their  age.  Many  were  frankly  infantile.  This  report  is  con- 
fined to  those  vegetative  disturbances,  demonstrably  associated 
with  the  symptoms  characteristic  of  glandular  dysfunction  as 
manifested  in  body  contour,  metabolic  deviations,  spatial  abnor- 
malities, specific  chemical  reactions,  etc. 
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The  recognition  of  the  frank  glandular  cases  was  a  matter 
of  inspection,  but  in  involvements  of  milder  degree  and  in  the 
more  intricate  pluriglandular  types  the  criteria  on  which  the 
diagnosis  depends  were  rendered  in  many  instances  inaccessible 
through  the  inability  of  the  patients  to  cooperate  with  the  phy- 


FiG.    6. — Type   of   glandular    disease    in    the    feeble-minded.     L.    J.     Probable    quiescent 
pituitary    tumor,    hypothyroidism — an    inherited    glandular    condition. 

sician  in  the  more  complicated  objective  tests  or  to  place  at  his 
disposal  the  very  valuable  subjective  evidences.  Moreover,  many 
alterations  in  temperature,  the  cardiovascular  system,  blood  find- 
ings, carbohydrate  tolerance,  etc.,  so  valuable  in  the  diagnosis  of 
glandular  perversions  in  mentally  normal  persons,  occur  in  the 
feebleminded  with  no  other  suggestion  of  glandular  disease,  with 
such  regularity  as  to  preclude  whatever  weight  such  alterations 
would  carry  under  normal  conditions. 

Therefore    the    numbers    included    as    glandular    must    be 
regarded  as  the  minimum  number  involved  which  is  augmentable 
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through  increased  insight  into  the  suhjectivity  of  the  cases  and 
through  more  exhaustive  objective  studies,  especially  those 
directed  toward  an  altered  metabolism.  It  is  also  anticipated  that 
continued  study  must  necessarily  increase  the  number  of  reported 
pluriglandular  cases  at  the  expense  of  the  monoglandular. 

Our  findings  as  to  the  numbers  of  glandular  cases  are  grouped 
in  Table  I. 

These  ratios  are  significant  in  case  they  hold  true  for  large 
numbers  of  the  feebleminded.  They  indicate  that  one-fifth  of  the 
feebleminded  present  in  varying  degrees  the  indications  of 
malactivity  of  the  internal  secretory  system.  This  frequency  of 
involvement  has  long  been  anticipated.  From  earlier  established 
evidence  that  inefficient  endocrine  organs  may  in  some  degree  be 
quickened  to  greater  activity,  supplemented  or  even  replaced  by 
the  chemical  derivatives  obtained  from  the  corresponding  glands 
in  animals,  there  has  existed  the  substantial  expectancy  that 
newer  developments  in  glandular  therapy  would  aft'ord  means 
for  more  successfully  treating  these  arrested  developments. 
However,  glandular  therapy  is  so  surrounded  by  sharp  natural 
limitations  that  a  concise,  objective  summary  of  its  scope  of 
efficacy  does  not  allow  any  intimation  that  in  feeblemindedness, 
glandular  substitution  therapy  is  generally  helpful.  Promiscuous 
glandular  treatment  of  the  feebleminded  is  unprofitable  and 
unwarranted.  However,  among  the  feebleminded  there  occur 
forms  of  glandular  disturbances  that  are  sufficiently  amenable 
to  the  influence  of  glandular  therapy  that  individuals  so  involved, 
when  early  recognized,  intelligently  and  persistently  treated,  are 
preserved  for  reasonably  useful  lives;  whereas  if  treatment  is 
withheld,  the  defects  become  more  and  more  apparent.  These 
statements  are  more  pertinent  to  the  border-line  cases  than  to  the 
type  usually  to  be  found  in  institutions.  However,  even  in  insti- 
tution cases  we  have  been  able  to  establish  unquestionable  im- 
provements in  glandular  types.  Under  conditions  of  careful 
quantitative  measurements  of  intellectual  capacities  ]irior  to  and 
during  treatment  we  have  produced  distinct  i)hysical  and  mental 
betterment.  The  details  of  diagnosis,  treatment,  results  of  treat- 
ment, of  these  cases  are  reserved  for  subsequent  reports. 
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SUMMARY. 

At  the  Michigan  Home  and  Training  School,  a  survey  has 
been  made  of  1,134  feebleminded  inmates  for  evidences  of 
involvement  of  the  internal  secretory  system  in  the  defects  of 
growth  and  development  in  the  feebleminded.  Of  the  number 
examined,  240,  or  21.16  per  cent.,  presented  the  characteristics 
of  various  glandular  syndromes.  From  our  investigation  the 
following  inferences  appear  justified : 

1.  Of  the  glandular  cases  seen  in  the  feebleminded,  heredity 
stands  out  as  the  foremost  factor  in  the  etiology. 

2.  The  demonstration  of  glandular  syndromes  in  the  feeble- 
minded does  not  in  itself  allow  any  inference  that  the  feeble- 
mindedness is  attributable  to  the  glandular  dysfunction.  The 
glandular  disease  may  determine  the  increasing  defect  but  more 
often  the  coexisting  feeblemindedness  and  glandular  defect  are 
both  the  outcome  of  a  common  cause. 

3.  Promiscuous  treatment  of  the  feebleminded  with  gland- 
ular derivatives  is  unprofitable  and  unwarranted.  In  established 
glandular  types  among  the  feebleminded,  more  often  glandular 
treatment  is  of  no  distinct  and  lasting  value. 

4.  In  border-line  cases  of  glandular  disease  with  trivial 
mental  inadequacy,  glandular  therapy  may  prove  of  especial 
value.  More  often  in  these  cases  no  true  mental  deficiency  exists, 
and  all  manifestations  of  mental  inadequacy  are  referable  to  the 
glandular  malfunction.  In  such  cases  glandular  treatment  per- 
sistently carried  out  may  be  the  factor  deciding  between  nor- 
mality and  increasing  defects. 
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(Reprinted   from    The  American  Journal   of  Pharmacy,   \\)r\\,    1917.) 

DIGITALIS  THAPSI   LIN. 

By  O.  a.  Farwell  and  H.  C.  Hamilton. 

(Departments   of  Botany  and   Pharmacology,    Parke,   Davis    &   Co.,    Detroit,    Mich.) 

Late  in  1916,  samples  of  a  new  drug  were  offered  in  America 
under  the  name  of  Spanish  digitalis.  It  has  no  general  resem- 
blance to  the  official  digitalis ;  indeed,  at  first  glance,  it  looks  more 
like  mullein  than  anything  else,  being  yellowish-gray  or  yellowish- 
green  in  color. 

It  has  been  thought  advisable  to  investigate  the  histological 
and  pharmacological  aspects  of  the  drug,  and  the  following  papers 
are  the  result.  Each  author  is  responsible  for  his  own  section 
of  the  work. 

HISTOLOGY. 
By  Oliver  Atkins  Farwell. 

The  drug  consists  of  broken  fragments  of  leaf  (Fig.  4), 
stems  (Fig.  3),  and  capsules  (Fig.  o).  Stems  slender,  terete  or 
somewhat  angvdar,  green  or  purplish,  densely  covered  with  gland- 
tipped,  3-7  celled  hairs  (Figs.  1  and  2),  one-half  a  millimeter  or 
less  in  length,  velvety  not  rough.  Bases  of  alternate  leaves  show 
a  slight,  decurrent  line  (Fig.  3)  on  the  stem;  leaves  in  fragments, 
rarely  entire,  2-3  cm.  wide  by  3-15  in  length  narrowly  oblong  or 
oblong-lanceolate,  gradually  tapering  to  a  broad  sessile  base, 
margin  coarsely  denticulate;  on  the  lower  surface  the  midvein  is 
prominent  with  4-G  inconspicuous  pairs  of  veins,  rugose;  both 
upper  and  lower  surfaces  are  covered  with  glandular  hairs,  but 
they  are  not  so  long  as  those  found  upon  the  stem,  soft  velvety, 
not  rough.  Flowers  occasional,  cylindrical,  upper  parts  purplish, 
slightly  pubescent  externally;  when  expanded,  cylindrical  below, 
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contracted  just  above  the  ovary  and  then  abruptly  expanded  into 
a  tube  much  longer  than  the  usually  -Vlobed,  slightly  5-lipped 
limb;  stamens  4,  didynamous,  attached  low  down  on  the  tube, 
included;  calyx  present,  glandular,  -"i-parted,  about  l/o  the  length 
of  the  corolla,  segments  lanceolate.  Capsules  ovoid,  about  ]•") 
mm.  in  length,  greenish  and  more  or  less  glandular,  to  pale- 
brownish  or  yellowish-green,  with  only  traces  of  the  glandular 
indument,  with  fragments  of  the  calyx  at  the  base,  on  a  slender 
pedicle,  3  cm.  or  less  in  length,  which  is  cla\ate  under  the  capsule ; 
fruit  partially  separating  into  two,  one-celled,  many-seeded  sec- 
tions, opening  at  the  apex  on  the  inner  surface  by  a  large  pore. 
Odor,  slight;  taste,  bitter  and  slightly  acrid.  This  drug  is  not 
the  official  Digitalis  purpurea  Lin.  as  the  leaves  are  sessile,  some- 
what decurrent,  and  of  the  same  color  on  both  sides.  It  may  be 
the  closely  related  D.  Thapsi  Lin.  A  cross-section  of  the  upper 
portion  of  a  stem,  2^  mm.  thick,  shows  a  pith  1  mm.  in  diameter 
surrounded  by  a  circle  of  wood  (Fig.  6,  D),  0.3  mm.  wide  and  a 
bark  about  .5  mm.  The  outer  bark  shows  epidermal  cells  that 
are  small  (12-20  microns)  with  rather  thick  outer  walls  covered 
with  a  strongly  papillate  cuticle  (Fig.  T,  A)  ;  immediately  under 
the  epidermis  is  a  layer  (130  microns)  of  unlignified  hypo- 
dermal  cells  -j-S  tiers  in  depth  (Fig.  7,  i?)  ;  internally  to  this  is  a 
layer  of  parenchyma  (Fig.  8),  of  equal  depth  but  composed  of 
fewer,  4-6  tiers  of  cells;  the  inner  bark  (Fig.  6)  is  made  up  of  a 
continuous  circle  of  bast  {A)  130  microns  deep  and  a  narrower 
layer  of  sieve  tissue  {B).  The  cells  of  the  pith  (£)  often  reach 
a  size  of  70  microns  in  diameter,  are  slightly  lignified  or  cutinized 
and  non-porous.  The  stomata  (Fig.  9j  on  the  leaf  occur  in  the 
ratio  of  about  8  to  an  area  of  150  microns  square.  The  epidermis 
is  essentially  the  same  as  for  the  green  bark  of  the  stem.  The 
palisade  tissue  is  one  cell  in  depth;  the  cells  of  the  sponge  tissue 
are  well  filled  with  oil.  Xo  crj'stals  were  detected.  The  midrib 
(Fig.  10)  forms  a  very  prominent  keel  on  the  dorsal  (lower) 
surface  of  the  leaf.  The  vascular  strand  is  rather  broadly  ovate 
in  outline,  the  phloem  passing  almost  completely  around  the  xylem. 
On  the  ventral  side  there  are  several  layers  of  collenchyma  and 
on  the  dorsal  side  the  greater  part  of  the  tissue  consists  of  the 
water-storage-cells  with  a  layer  or  two  of  collenchyma  between 
it  and  the  epidermis. 
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Figs.    1-5.      Digitalis    Thapsi   Lin.,    showing    leaf    fragments,    a    capsule    and 
gland-tipped   hairs. 


Fig.  6.  Transverse  section  through  portiou 
of  stem  of  Digitalis  Thapsi  Lin.  A,  bast  fib- 
ers; B,  sieve  tissue;  C,  cambium;  D,  woody 
tissues;    E,   pith. 
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Figs.    7-9.     Digitalis   'I'Imtsi  Lin.,    showing   structure  of   stem   and   stomata   on    leaf. 


Fig.    10.     Cross-section    through    midrib    of    leaf  'of    Digitalis    Thapsi   Tin. 
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PHARMACOLOGIC  ACTION. 
By  Herbert  C.  Hamiltox. 

A  preliminary  investigation  of  Digitalis  TJiapsi  to  determine 
whether  it  possesses  any  of  the  therapeutic  properties  of  the 
official  drug  was  carried  out  on  frogs  by  the  M.  L.  D.  method  for 
standardization.^  The  drug  in  tincture  form  was  properly  diluted 
and  injected  into  frogs  in  gradually  decreasing  doses  until  the 
minimum  was  found  which  was  sufficiently  toxic  to  kill. 

This  dose  was  just  one-third  that  of  a  similar  tincture  from 
an  average  sample  of  official  drug  as  shown  below.  Data  of  final 
tests  only  are  here  recorded. 

Standard  Tr.  Digitalis. 
Wt.  of  frog.  Dose  per  gm.  Total  dose. 

20  009  .18  alive 

20  010  .20  dead 

19  010  .10  dead 

21   Oil  .23  dead 

22  Oil  .23  dead 

Tincture  front  Tliapsi  Drug. 

18  0025  .23  alive 

20  0030  .30  alive 

20  0035  .35  dead 

21    0040  .42  dead 

22  0045  .49  dead 

Dilution   1   in  5. 

The  above  are  the  final  tests  showing  the  comparative  toxicities 
as  determined  by  the  mininnini  lethal  doses  of  the  two  tinctures, 
which  are : 

Standard   Tinct.   Digitalis    0.010 

Tinct.  Digitalis  Thapsi  0.0035 

That  the  drug  belongs  to  the  digitalis  series  of  heart  tonics  is 
shown  by  the  fact  that  in  every  case  the  heart  was  found  to  have 
stopped  in  systole,  i.e.,  with  the  apex  of  the  heart  strongly  con- 
tracted. 

A  qualitative  test  further  to  confirm  the  action  of  the  drug 
was  made  by  dropping  the  diluted  tinctures  on  the  laid-bare  frog's 
heart.     The  two  tinctures  were  compared  as  before. 

■noughton    and    H.iir.iltin,   .Aiiicr.    Jour,    of   Pharm.,    Ocloher,    190;l. 


106 
First  Experiment. 

Frog  pithed  and  stretched  out  on  board. 

Normal  heart  rate. 

9:15 20  beats  in  20  seconds. 

9:16 1  drop  tinct.  thapsi  drug  dropped  on  the  laid-bare  heart. 

9  :20 20  beats  in  22  seconds. 

9  :21 20  beats  in  23  seconds. 

9  :24 20  beats  in  26  seconds. 

9 :25 2  drops,  same  solution. 

9 :28 20  beats  in  30  seconds. 

9  :30 20  beats  in  40  seconds. 

9:35 Beats  irregular  and  indistinct. 

9  :40 Stopped  in  systole. 

Second  Experiment. 

Frog  pithed  and  fastened  to  board. 
Normal  heart  rate. 

10  :30 20  beats  in  24  seconds. 

10  :35 2  drops  tr.  digitalis  U.S. P. 

10:37 20  beats  in  28  seconds. 

10  :39 20  beats  in  30  seconds. 

10 :45 20  beats  in  30  seconds. 

10:46 2  drops,  same  solution. 

10 :50 20  beats  in  35  seconds. 

10:55 20  beats  in  40  seconds. 

11  :00 2  drops,  same  solution. 

11 :05 20  beats  in  50  seconds. 

11  :10 20  beats  in  55  seconds. 

Irregular  beats  and  final  stoppage  in  systole. 

Third  Experiment. 

Normal  heart  rate. 

1  :35 20  beats  in  20  seconds. 

1  :40 2  drops  thapsi  drug  diluted,  1  in  3  from  the  tincture. 

1  :45 20  beats  in  22  seconds. 

1  :47 20  beats  in  23  seconds. 

2  drops,  same  solution. 

1  :50 20  beats  in  28  seconds,  very  powerful. 

1  :54 20  beats  in  30  seconds. 

1  :55 2  drops,  same  solution. 

1  :57 20  beats  in  33  seconds. 

2  :00 20  beats  in  50  seconds. 

Very  irregular. 
2  :15 20  beats  in  200  seconds,  stopped  in  systole. 
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These  experiments  show  the  typical  action  of  the  fhu;  in 
slowing  and  strengthening  the  heart  beat  to  be  identical  with  that 
of  the  U.  S.  P.  digitalis.  The  powerful  \entricular  contractions 
were  especially  noticeable. 

The  other  typical  heart-tonic  action  of  digitalis,  namely,  its 
pressor  effect  on  the  circulatory  system,  is  observed  best  on  an 
anesthetized  dog.  The  dog  is  anesthetized  with  chloretone-  which 
aff'ects  the  system  only  slightly.  These  experiments  failed  to 
discover  this  typical  effect  when  thapsi  drug  was  administered, 
while  the  tracings  obtained  after  injection  of  the  official  drug 
almost  invariably  show  a  distinct  rise  in  blood  pressure  followed, 
unless  the  dose  be  too  large,  by  a  return  approximately  to  normal. 

The  two  drugs  were  injected  one  following  the  other  into  two 
dogs.  The  first  dog  received  first  0.2  Cc.  of  the  tincture  (freed 
from  alcohol)  of  the  thapsi  drug.  The  rate  was  lowered,  but  no 
increase  of  blood  pressure  could  be  detected.  After  the  action 
of  the  drug  was  apparently  over,  about  one  hour  after  first  injec- 
tion, 0.5  Cc.  Tr.  Digitalis,  U.S. P.,  was  administered,  followed 
shortly  by  the  characteristic  eft'ects  of  the  drug,  including  a 
distinct  increase  in  blood  pressure.  The  heart-beats  soon  became 
irregular  and  the  dog  died. 

In  another  dog  the  order  of  dosing  was  reversed,  the  official 
tincture  being  administered  first,  followed  by  an  equivalent  dose 
of  the  thapsi  tincture.  The  effects  observed  from  the  first  ex- 
periment were  duplicated  in  the  second,  but  reversed.  The 
official  tincture  raised  the  blood  pressure  while  the  thapsi  tincture 
had  no  effect  on  the  blood  pressure,  but  slowed  the  heart  and  the 
experiment  ended  by  the  irregular  heart  beats  and  final  death  of 
the  animal. 

While  the  exjjeriments  detailed  above  are  more  or  less  pre- 
liminary to  a  more  exhaustixe  examination  of  the  pharmacologic 
properties  of  this  variety  of  digitalis,  they  are  sufficient  to  show 
that  it  i)Ossesses  at  least  two  of  the  valuable  properties  of  Digitalis 
{purpurea,  namely,  the  effects  on  the  rate  and  amplitude  of  the 
heart  beat.  They  show  also  that  it  more  nearly  resembles  stro- 
phanthus  in  having  no  effect  or  at  least  very  slight  action  on  the 
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blood  pressure'' — a  property  which  in  many  cases  is  a  distinct 
advantage. 

The  observed  activity  of  the  drug — a  toxicity  three  times  as 
great  as  that  of  the  average  official  variety — is  not  to  be  taken  as 
representing  the  activity  of  this  variety.  It  represents  that  of 
only  one  sample  and  does  not  exceed  that  of  occasional  samples 
of  American  grown  Digitalis  purpurea.  Further  work  and  a 
number  of  samples  would  be  required  to  determine  its  average 
activity. 

That  this  drug  may  become  a  valuable  adjunct  to  the  reper- 
toire of  heart  tonics  is  evident  from  its  similarity  in  action  both 
to  the  official  variety  of  digitalis  and  to  strophanthus,  w'hich  latter 
is  becoming  more  and  more  generally  used  in  therapy. 

A  more  extended  pharmacologic  research  is  planned  for  the 
near  future. 


^Cushney,    "Pliainiacology    and    Therapeutics." 
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THE  PINEAL  GLAND.* 

THK     PINEAL     GLANd's     INFLUENCE     UPON     GROWTH     AND     DIFFER- 
ENTIATION   WITH    PARTICULAR   REFERENCE  TO    ITS   IN- 
FLUENCE    UPON     PRENATAL    DEVELOPMENT. 

Bv  Carey  Pratt  McCord,  M.D.,  Detroit,  Micii. 

I.     INTRODUCTION. 

(A  cursory  review  of  recent  zvork  pertinent  to  pineal  func- 
tioning.) 

The  evidences  that  link  the  pineal  body  with  a  glandular 
function  are  much  less  definite  than  for  such  glandular  organs 
as  the  thyroid,  hypophysis,  ovary,  and  the  suprarenals.  Doubt 
is  frequently  expressed  that  the  pineal  body  is  more  than  a  func- 
tionless  vestige  of  what  was  once,  in  earlier  evolutional  stages,  a 
functioning  eye.  Other  observations  have  led  to  the  contention 
that  the  pineal,  through  metamorphosis,  has  become  a  highly 
specialized  tissue  that  serves  the  body  in  a  manner  comparable 
with  the  major  members  of  the  endocrinous  system. 

The  purpose  of  the  present  ])aper  is  to  group  the  essential 
findings  from  the  recent  literature  into  a  concise,  unbiased 
resume,  adequately  expressing  the  status  of  the  pineal  body  as  a 
functioning  organ.  To  this  are  added  the  writer's  more  recent 
ol)servations  upon  the  growth  of  young  animals  under  the  influ- 
ence of  pineal  materials. 

anatomy  and  i.mukyology. 

(  I)il)li()graiili}-   numbers   \-~u .) 

The  pineal  body  (pineal  gland,  e])iphysis,  conarium)  is  sit- 
uated in  the  brain  just  beneath  the  splenium  of  the  corpus  cal- 
losum.  (Fig.  1.)  It  lies  suspended  between  the  anterior  quadri- 
geminate  bodies.  The  gland  is  consequently  just  above  the 
Sylvian   aqueduct.      The    internal    cerebral    veins    lie   above   and 


*Rc|irinteci    from    tlic    Transactions    of    the    American    ( iynecological    Society,    1(117. 
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partially  encircle  the  pineal.  In  the  human  the  pineal  is  nearly 
trilateral  in  shape,  in  sheep  is  round,  in  cattle  is  oval.  The  aver- 
age weight  in  cattle  is  .2  gram  and  in  sheep  .13  gram.  Pri- 
marily the  pineal  is  developed  as  a  thin  ependymal  diverticulum 
from  the  diencephalon,  extending  between  the  posterior  and 
habenular  commissures.  At  a  later  stage  this  diverticulum  thick- 
ens and  encloses  some  of  the  adjacent  vascular  mesoderm  to 
form  the  mature  organ.     (Streeter.) 


Fig. 


1. — Sagittal    section    of   beef    brain,    showing 
of   pineal  gland. 


liositiiin, 


and    relation 


In  those  publications  cited  in  the  bil)liography  as  pertinent 
to  the  anatomy,  embryology,  and  histology  of  the  pineal,  the 
studies  have,  for  the  most  part,  been  prosecuted  toward  estab- 
lishing (1)  the  presence  of  glandular  tissue;  (2)  the  presence 
of  contractile  tissue  supporting  the  view  that  the  gland  is  a  valve 
regulating  the  flow  of  cerebrospinal  fluid;  (3)  nerve  fiber  com- 
munication between  this  gland  and  other  parts  of  the  brain;  (4) 
evidence  of  involution  changes  in  the  gland  indicating  a  cessation 
of  function. 


Ill 

These  publications  may  be  summarized  as  indicating:  (1) 
Complete  cytologic  studies  in  several  species  allow  the  inference 
that  the  pineal  body  is  glandular  in  nature.  The  glandular 
elements,  however,  are  few  and  illy  defined.  (2)  The  occasion- 
ally demonstrated  muscle  fibers  in  the  pineal  are  without  signifi- 
cance to  pineal  function.  (3)  Nerve  fibres  and  neuroglia  are 
to  be  found  at  least  in  certain  animals,  but  these  are  probably  of 
trivial  import,  (-i)  The  gland  undergoes  involution  changes, 
begimiing  in  the  human  as  early  as  the  seventh  year.  Involution 
is  pronounced  at  puljerty.  The  degeneration  is,  however,  not 
complete  and  the  histologic  picture  of  the  adult  gland  is  not  such 
as  to  remove  the  possibility  of  a  continued  function  in  adult  life. 

PINEAL    NEOPLASMS    AND    RESULTING    FUNCTIONAL    DISTURBANCES. 

(Bibliography  numbers  100-189.) 

Tumors  of  the  pineal  are  not  of  frequent  occurrence.  The 
total  number  of  authentic  cases,  with  subsequent  necropsy  find- 
ings in  some,  is  not  more  than  70.  These  cases  have  been  the 
source  of  the  greatest  information  as  to  the  functions  of  the 
pineal.  In  1898,  Heubner  described  a  boy  of  4^  years  who 
showed  a  precocious  sexual  and  somatic  growth.  The  body  of 
this  boy  was  that  of  a  boy  of  8  or  9  years.  The  genitalia  cor- 
responded to  the  proportions  found  at  puberty.  The  pubic  hair 
was  1  cm.  long.  A  year  later  at  autopsy  a  teratoma  of  the  pineal 
was  demonstrated.  By  1907,  Marburg  was  able  to  collect  40 
histories  of  such  types.  He  sought  to  establish  a  clinical  entity 
for  pineal  dysfunction.  The  term  "Macrogenitosomia  prsecox" 
has  subsequently  designated  this  condition.  In  a  more  recent 
paper,  Marburg  attributes  to  the  condition  the  following  char- 
acteristics : 

1.  General.  These  include  all  the  usual  signs  of  intracranial 
pressure,  usually  secondary  to  a  subsequent  internal  hydro- 
cephalus. 

2.  Neighborhood.  These  for  the  most  part  are  dependent 
upon  encroachment  upon  the  quadrigeminate  bodies,  leading  to 
diverse  oculomotor  paralyses  and  pupillary  disturbances,  and 
encroachment  upon  the  cerebellum,  with  ataxic  manifestations. 

3.  Constitutional.  Under  this  designation  are  grouped  the 
manifestations    attributable    to    the    derangement    of    the    pineal 
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glandular  function.  This  constitutional  syndrome  consists  of 
first,  early  sexual  maturity,  evidenced  in  the  enlarged  sex  organs, 
pubic  hair,  general  body  hair,  early  change  in  voice ;  second, 
precocious  mental  development,  evidenced  in  the  maturity  of 
thought  and  speech ;  third,  general  body  overgrowth  to  the  extent 
that  a  child  of  o  or  6  years  may  have  the  appearance  of  a  child 
of  11  or  12. 

Frankl-Hochwart  similarly  has  summed  up  the  character- 
istics of  this  pathologic  state.  He  states.  "When  one  finds  in  a 
very  young  individual,  along  with  the  general  symptoms  of  tumor 
as  well  as  the  signs  of  a  lesion  of  the  corpora  quadrigemina, 
abnormal  body  growth,  unusual  growth  of  hair,  adiposity, 
somnolence,  premature  genital  and  sexual  development,  and 
finally  intellectual  maturity,  one  must  think  of  pineal  tumor." 

Of  the  70  cases  at  the  present  time  available  in  the  literature, 
only  25  occurred  prior  to  puberty.  Because  of  the  pineal  involu- 
tion that  occurs  by  the  time  of  puberty,  only  in  these  25  cases 
are  constitutional  manifestations  to  be  anticipated.  It  is  sig- 
nificant that  with  two  exceptions  all  cases  occurred  in  boys. 

Many  cases  of  pineal  tumors  before  puberty  manifest  none 
of  the  signs  of  precocity  of  development  that  are  so  striking  in  a 
few  selected  cases.  A  study  of  the  clinical  material  reveals  how 
little  consideration  has  been  given  to  the  possibility  of  pluri- 
glandular involvement.  In  fact,  in  some  early  cases  the  necropsy 
demonstration  of  a  pineal  tumor  led  to  the  association  of  all 
prior  metabolic  changes  to  pineal  functional  perversion.  This 
grew  out  of  the  prevalent  conception  of  each  endocrine  gland  as 
an  entity  entering  into  no  interrelations  with  other  similar  organs. 
Judging  these  cases  in  the  light  of  recent  advances  in  pituitary 
pathology  and  physiology,  it  is  difficult  to  delineate  the  manifes- 
tations of  pure  pineal  derangement  from  a  pluriglandular  con- 
dition. Gushing  has  pointed  out  that  from  the  intracranial  alter- 
ations attending  pineal  neoplasms,  the  hypophyseal  functions  are 
readily  deflected  from  the  normal. 

This  infrequent  condition  in  which  growth  and  differenti- 
ation into  the  adult  is  so  deviated  from  the  normal  that  very 
young  children  acquire  in  part  the  sexual,  mental  and  somatic 
characteristics  of  maturity,  has  naturally  led  to  diverse  attempts 
to  induce  such  a  condition  experimentally.     Through  the  extirpa- 
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tion  of  the  pineal,  tlirou^di  the  feeding  of  pineal  substances  to 
young  animals,  through  the  intravenous  and  subcutaneous  admin- 
istrations of  pineal  extracts,  has  information  been  sought  as  to 
the  significance  of  this  organ  in  the  body's  economy.  The  out- 
come of  such  investigations  are  described  in  subsequent  para- 
graphs. 

EXTIRPATION    OF    THE    PINEAL    GLAND. 

(Bibliography   numbers    71-78.) 

Situated  near  the  center  of.  the  brain,  the  inaccessibility  of 
the  pineal  has  prevented  any  widespread  use  of  this  method.  The 
trauma  is  necessarily  severe,  and  until  the  recent  reports  by 
Dandy  (1915)  and  Horrax  (1916)  the  mortality  has  been  very 
high — 75  deaths  out  of  95  operations  in  one  series,  and  12  deaths 
out  of  15  operations  in  another.  With  so  high  a  mortality  it 
may  be  questioned  whether  the  few  survivors  would  exhibit  con- 
stant changes  referable  to  pineal  deprivation.  The  mortality  is 
usually  due  to  hemorrhage  into  the  ventricle  from  injury  to  the 
central  cerebral  veins,  or  to  direct  injury  to  the  quadrigeminate 
bodies  or  adjacent  brain  tissues.  Dandy  has  recently  developed 
an  operative  procedure  whereby  much  of  the  trauma  is  obviated. 
The  essential  innovation  lies  in  an  approach  through  section  of 
the  splenium  of  the  corpus  callosum,  thus  permitting  freer  manip- 
ulations in  the  operating  field.  Although  the  mortality  may  thus 
be  reduced,  the  results  obtained  by  Dandy,  on  comparison  with 
those  obtained  more  recently  by  Horrax,  are  uniformly  dissimilar. 
The  respective  summaries  of  these  two  investigators  quoted  below 
indicate  how  incomplete  are  our  available  data  bearing  upon 
extirpation  as  a  method  of  approach  to  the  pr()l)lenis  (jf  ])ineal 
function.     Dandy  states  : 

"1.  Following  the  removal  of  the  pineal  I  have  observed  no 
sexual  precocity  or  indolence,  no  adiposity  or  emaciation,  no 
somatic  or  mental  precocity  or  retardation. 

"2.  Our  experiments  seem  to  yield  nothing  to  sustain  the 
view  that  the  pineal  gland  has  any  active  endocrine  function  of 
importance  either  in  the  very  young  or  adult  dogs. 

"3.  The  pineal  is  ajiparently  not  essential  to  life  and  seems 
to  have  no  influence  upon  the  animal's  well  being." 
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These  negative  findings  are  in  keeping  with  the  earher  work 
of  Exner  and  Boese,  and  BiedL  Subsequent  to  Dandy's  pubHca- 
tion  an  extended  report  has  been  made  by  Horrax,  whose  posi- 
tive findings  are  in  keeping  with  those  of  Foa  and  Sarteschi. 
Horrax  states  : 

"1.  Total  experimental  pinealectomy  is  possible  in  guinea- 
pigs  and  rats. 

"2.  Pinealectomized  male  guinea-pigs  show  a  hastened  devel- 
opment of  the  sexual  organs,  manifested  before  maturity  by  a 
relative  increase  in  size  and  weight,  both  of  the  testes  and  seminal 
vesicles,  over  control  pigs  of  the  same  litter. 

"3.  Histologically  the  testes  and  seminal  vesicles  of  these 
animals,  if  taken  before  the  age  of  sexual  maturity,  show  a  more 
advanced  physiological  state  than  their  controls. 

"4.  The  pinealectomized  females  appear  to  show  a  tendency 
to  breed  earlier  than  controls  of  the  same  age  and  weight. 

"5.  For  several  reasons,  young  rats  are  likely  to  prove  better 
subjects  for  experimental  pinealectomy  than  young  guinea-pigs, 
and  some  evidence  of  hastened  maturity  has  been  obtained  in  this 
species." 

IMMEDIATE    RESULTS     FOLLOWING     THE     INTRAVENOUS    OR    SUBCU- 
TANEOUS   ADMINISTRATION    OF    PINEAL    EXTRACTS. 

(Bibliography  numbers  58-70.) 

Unlike  the  intense  cardio-vascular  action  of  suprarenal 
extracts,  or  the  uterine  contracting  action  of  pituitary  extracts, 
the  immediate  results  from  intravenous  or  hypodermic  injections 
of  pineal  extracts  are  not  pronounced.  Such  phenomena  as 
decrease  in  arterial  tension,  dilatation  of  the  bloodvessels,  altered 
amplitude  and  rate  of  the  heart  beat,  diuresis,  glycosuria,  and 
uterine  contractions  have  been  reported  and  confirmed.  Under 
experimental  conditions  the  contraction  produced  in  the  uterus 
by  1  c.c.  of  20  per  cent  pineal  extract  is  much  less  intense  than 
the  contraction  produced  by  1/200  c.c.  of  20  per  cent  pituitary 
extract  (Fig  2).  The  intensity  of  these  several  activities  is  so 
slight  that  at  the  present  time  only  technical  importance  may  be 
attached  to  these  findings. 


Fig.  2. — A  comparison  of  the  effect  on  surviving  guinea-pig  uterus  of  pituitary 
and  pineal-gland  extracts.  The  height  of  contraction  from  the  pineal  extract  admin- 
istered at  B  is  trivial  in  comparison  with  the  contraction  at  A  induced  by  the  much 
smaller   quantity   of   pituitary   extract.      C  Time    in    minutes. 


FEEDING  EXPERIMENTS   WITH    PINEAL   GLANDS. 

(Bibliography  numbers  79-87.) 

The  syndrome  of  precocious  development  seen  in  the  human 
is  usually  interpreted  as  the  outgrowth  of  pineal  deficiency — a 
hypopinealism.  Such  being  the  case,  if  the  feeding  of  pineal 
materials  determined  any  changes,  a  state  just  opposite  that  cited 
above  would  be  anticipated — a  condition  of  deferred  sexual, 
mental  and  somatic  maturity.  Curious  to  record,  feeding  experi- 
ments lead  to  rapid  sexual  and  somatic  development. 

Dana  and  Berkeley  fed  pineal  materials  to  young  animals 
(kittens,  rabbits,  guinea-pigs),  and  noted  a  25  per  cent  excess 
in  weight  over  controls.  These  investigators  sought  to  determine 
the  extent  of  stimulating  influence  tipon  children  of  low  men- 
tality. Fifty  feebleminded  children  were  treated  and  suitably 
controlled  with  other  children  of  the  same  age  and  diagnosis. 
Binet  tests  were  the  criteria  of  mental  advancement.  No  physical 
changes  resulted,  but  on  prolonged  treatment  the  mental  develop- 
ment was  greater  than  that  prior  to  treatment  and  in  excess  of 
control  children  of  the  same  mental  a^e.    These  studies  of  feeble- 
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minded  children  afford  certain  technical  evidences  of  value,  but 
the  quantity  of  improvement  resulting  is  not  sufficient  to  warrant 
any  widespread  use  of  pineal  materials  as  a  profitable  treatment 
of  feeblemindedness. 

Hoskins  (19 16)  in  feeding  experiments  upon  albino  rats, 
studied  the  influence  upon  the  growth  of  the  various  ductless 
glands,  including  thyroid,  thymus,  hypophysis,  and  pineal.  His 
results  would  indicate  that  none  of  these  glands  have  any  con- 
stant effect  upon  the  growth-rate  of  young  rats. 

McCord  (191^,  191."))  employed  400  young  animals  (chickens, 
guinea-pigs,  dogs)  in  experiments  to  establish  the  extent  of  influ- 
ence the  pineal  exerts  upon  growth  and  development.  He  con- 
cludes from  his  experiments  that  the  same  precocity  of  develop- 
ment usually  attributed  to  pineal  deficiency  (hypopinealism)  was 
obtained  in  animals  by  supplying  an  increased  amount  of  pineal 
substance  by  feeding  or  injecting  pineal  preparations.  Such 
administration  of  pineal  substances  led  to  a  more  rapid  growth 
of  body  than  normal,  and  determined  an  early  sexual  maturity. 
The  excess  in  rate  of  growth  was  most  pronounced  (40.9  per 
cent  excess  in  eleven  weeks)  in  young  animals  fed  with  pineal 
tissue  obtained  from  young  animals.  No  tendency  to  gigantism 
has  followed  pineal  administration.  After  maximum  size  was 
attained,  pineal  administration  appeared  to  be  ineffective.  Both 
males  and  females  respond  to  the  influence  of  pineal  substances 
in  rate  of  growth,  but  the  response  has  been  more  definitely 
manifested  in  males. 


H.     THE  PINEAL  GLAND'S   INFLUENCE  UPON 
GROWTH  AND  DIFFERENTIATION. 

(A  record  of  cxperhncnts  upon  postnatal  and  embryonic  grozuth- 
diiferenfiotion  processes.) 

In  the  developmental  processes  inaugurated  at  conception  two 
distinct  phases  are  to  be  observed — growth  and  differentiation. 
In  intra-uterine  life  differentiation  into  specific  organs  and  tissues 
is  the  essential  process.  In  pre-adult  life,  growth  processes  are 
dominant.     At  puberty  differentiation  again  asserts  its  influence. 


In  adult  years  both  these  developmental  processes  are  less   in 
evidence,  a  condition  we  commonly  designate  as  maturity. 

These  two  phases  of  development  are  necessarily  intricately 
interrelated,  but  within  certain  limitations  may  be  separately 
altered.  Traces  of  thyroid  tissue  added  to  the  water  in  which 
Uidpoles  live  will  bring  about  the  complete  transformation  of  the 
tadpole  into  a  miniature  frog  within  one  week,  whereas  normally 
this  metamorphosis  consumes  from  4  to  G  months  (Gudernascht ). 
This  phenomenon  is  due  to  the  intense  dififerentiative  action  of 
the  thyroid.  Similarly  thymus  tissue  retards  differentiation  of 
tadpoles.  At  the  period  of  development  wherein  normally  tad- 
poles begin  to  dift"erentiate,  thymus  fed  tadpoles  continue  to  grow 
larger  without  differentiation.  Manifestly  both  these  factors  in 
development  are  ultimately  dependent  upon  the  quantity  or 
quality  of  cell  activity. 

In  ovir  earlier  records  of  the  influence  exerted  by  the  pineal 
upon  development  we  employed  young  animals  and  chicks.  Vari- 
ations were  introduced  to  reduce  the  possibility  of  incidental 
error  in  dosage,  in  method  of  administration,  in  sotirce  of  ma- 
terials, in  age  of  the  test  animals.  With  the  exception  of  two 
series  we  have  uniformly  found  that  young  animals  which  had 
been  fed  (or  injected)  pineal  materials  have  outgrown  their  con- 
trols of  the  same  age.  (Fig.  3. )  In  one  series  the  difference  was 
40  per  cent  at  11  weeks  of  age.  No  tendency  to  gigantism  was 
observed.  As  the  normal  adult  size  was  approached  the  stimu- 
lative action  of  the  pineal  was  no  longer  effective.  The  testes  of 
certain  of  these  rapidly  developed  guinea-pigs  were  examined  in 
comparison  with  controls.  Grossly  the  testes  from  pineal  fed 
animals  were  50  per  cent  larger.  Microscopically  the  cellular 
elements  were  far  in  advance  of  controls  and  were  characterized 
by  very  active  spermatogenesis.  The  females  gave  birth  to  young 
when  the  controls  were  in  the  middle  third  of  their  gestation. 
At  first  it  was  thought  this  might  be  evidence  of  a  shortened 
gestation  period,  but  more  carefully  scrutinized  experiments 
determined  that  this  was  the  outcome  of  earlier  breeding,  due 
to  an  earlier  maturity. 

At  all  times  this  type  of  feeding  experiment  is  open  to  the 
error  that  normally  such  animals  exhibit  very  appreciable  indi- 
vidual  variations.     We  ha\e  anticipated   that  less  complex  life 
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forms  that  show  scant  individual  variations  even  in  large  num- 
bers would  afford  acceptable  data  as  to  any  action  that  pineal 
extracts  might  have  on  their  growth-differentiation  processes. 
For  the  purpose  we  selected  (1)  paramoecia  (paramoecium 
caudatum),  a  unicellular  organism  that  through  transverse  fission 
may  divide  into  many  generations  in  v.  single  day,  (2)  tadpoles 
of  frogs  and  toads.  This  larval  form  of  the  frog  and  toad  cor- 
responds in  many  respects  to  embryonic,  intra-uterine  life  in 
higher  animal  life. 

PARAMCECIUM  EXPERIMENTS. 

Cultures  were  maintained  in  the  laboratory,  growing  on  hay 
infusions.  These  organisms  are  about  %  "^"i-  in  length  and  may 
be  readily  counted  with  the  naked  eye.  Through  transverse 
splitting  reproduction  is  accomplished.  Under  standardized  con- 
ditions the  rate  of  divisions  is  relatively  constant.  It  will  be 
argued  that  in  the  event  of  constant  exceptional  variations  in  the 
number  of  generations  formed  when  pineal  materials  were  added 
to  the  culture  medium  and  not  occurring  when  other  similar  pro- 
tein materials  were  introduced,  that  the  phenomenon  is  attrib- 
utable to  pineal  activity.  The  following  procedures  were  em- 
ployed. A  single  paramoecium  was  isolated  until  the  reproduc- 
tion of  the  third  generation.  These  resulting  four  individuals 
were  separated  and  placed  in  dift'erent  media,  (a)  one  in  hay 
infusion,  (b)  one  in  a  hay  infusion  extract  of  desiccated  pineal 
gland,  .05  per  cent  strength,  (c)  one  in  a  hay  infusion  extract 
of  desiccated  muscle  of  equal  strength  as  a  control  material, 
(d)  the  fourth  one  was  a  variable  control.  These  cultures  were 
maintained  in  a  moist  chamber  for  a  fixed  period  (48  or  24 
hours).  At  the  expiration  of  that  time  the  several  cultures  were 
examined  as  to  the  numbers  of  reproductions.  Almost  invariably 
the  divisions  were  more  numerous  in  the  pineal  culture.  For 
example,  in  one  18-hour  experiment  12  individuals  resulted  from 
the  plain  hay  infusion,  30  individuals  from  the  hay  infusion  pineal 
extract  .Oo  per  cent,  and  10  individuals  from  the  hay  infusion 
muscle  extract  .0-")  per  cent.  The  results  from  31  consecutive 
experiments  are  grouped  in  lable  ] . 
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The  inference  is,  that  pineal  materials,  when  added  to  the 
culture  medium  of  the  unicellular  organism,  paramoecium,  deter- 
mine a  more  rapid  rate  of  reproduction.     (Fig.  4.) 


tadpole  enperiments. 

The  time  of  appearance  of  the  successive  stages  in  the  dilifer- 
entiation  of  tadpoles  into  frogs  is  an  excellent  criterion  of  the 
influence  of  any  variation  in  the  living  conditions  of  these 
animals.  For  the  individuals  of  a  single  laying,  fairly  constant  is 
the  occurrence  of  such  stages  as  the  budding  of  the  hind  legs 
with  the  subsequent  formation  of  the  different  portions  of  the 
hind  legs,  the  closing  of  the  gills,  the  extrusion  of  the  fore  legs, 
the  assumption  of  terrestrial  life.  Such  are  the  phenomena  we 
sought  to  influence  by  the  introduction  of  pineal  gland  materials 
into  the  living  water  of  the  tadpoles. 

About  50,000  frog  eggs  were  procured  and  hatched  in  the 
laboratory.  These  were  divided  into  colonies  of  about  ,200  each. 
In  most  cases  these  colonies  were  from  the  same  laying.  With 
50  abundant  materials   it  was  possible   to   introduce  wide   \ari- 
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Ftg.  4. — A  diagram  showing  the  modified  division  rates  of  paramcecia  (starting 
with  a  single  paramoecium).  P,  0.05  per  cent,  pineal  extract  in  hay  infusion.  M, 
0.05  per  cent,  muscle  extract  in  hay  infusion.  C,  hay  infusion  alone.  Diagram 
represents   the   average   of  ihirty-six   observations. 
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Fig.    5. — A   con.pansun    of   two    groups    of   toad    tadpoles    taken   from    the   same  lot, 

photographed    simultaneously    after    two    weeks    of    laboratory    feeding.     Group    to  the 

right    fed    small    amounts    of    desiccated    pineal    gland    triweekly.      Group    to    the  left 
fed    equivalent    amounts    of    desiccated    muscle    tissue. 
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ations  in  test  materials  and  controls.  The  pineal  glands  were 
fractionated  into  various  components  and  tested  against  controls 
such  as  other  endocrine  glands,  split  proteins,  histamine,  lipoids, 
etc.  Through  photography  and  actual  measurements  the  vari- 
ations were  recorded. 

The  present  paper  can  make  but  most  casual  reference  to  the 
accumulated  results.  The  photograph  and  drawings  will  serve 
to  indicate  the  trend  of  results.  (Fig.  5.)  (Type  photograph^ — - 
adjacent  trays  of  pineal  fed  and  muscle  fed  tadpoles  of  the  same 
laying.)  At  this  stage  the  pineal  fed,  while  about  double  the  size 
of  the  controls,  show  no  tendency  to  differentiation.  Ultimately, 
however,  differentiation  is  earlier,  as  may  be  observed  in  the 
drawings  of  Fig.  6. 
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Fig.  6. — Drawings  made  at  weekly  intervals  indicating  the  rate  of  metamor- 
jjhosis  of  Bufo  Americana  tadpoles  fed  pineal  tissue  in  comparison  with  normal 
metamorphosis.  a  to  <7  inclusive,  controls.  /  to  /,  pineal  fed.  The  small  figures 
to  the  right  of  a,  b,  f,  and  </  represent  stages  in  the  development  of  the  hind  legs 
for    these    respective    tadpoles. 
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It  is  our  belief  that  the  pineal  gland  contains  some  substance 
capable  of  stimulating  growth  and  ultimately  differentiation  in 
these  larval  forms. 

GENERAL  SUMMARY. 

From  the  lack  of  unanimity  in  the  literature  any  conclusions 
as  to  the  details  of  pineal  gland  functions  must  be  made  flexible 
rather  than  dogmatic.  A  survey  of  available  data  leads  to  the 
following  summary  as  representing  the  present  status  of  the 
|)ineal  as  an  organ  of  internal  secretion: 

1.  A  clinical  syndrome  is  to  be  associated  with  disturbances 
of  the  functions  of  the  pineal  gland.  Because  of  the  involution 
of  the  pineal  at  puberty,  the  constitutional  manifestations  of 
pineal  pathology  appear  to  be  confined  to  prepuberal  years.  The 
essential  characteristics  (apart  from  pressure  and  neighborhood 
manifestations)  are  (a)  early  sexual  development  evidenced  in 
the  enlarged  genitalia,  pubic  hair,  general  body  hair,  early  change 
in  voice;  (b)  precocious  mental  development,  manifested  in  ma- 
turity of  thought  and  speech;  (c)  general  overgrowth  of  body 
to  the  extent  that  a  child  of  6  or  T  years  may  have  the  ap])earance 
of  a  child  near  puberty. 

2.  The  experimental  extirpation  of  the  pineal  gland  is  surgi- 
cally possible.  The  gland  is  not  essential  for  the  maintenance  of 
life.  The  early  symptoms  following  pinealectomy  are  attrib- 
utable to  the  severe  brain  injury.  No  changes  attend  the  removal 
of  the  gland  in  adult  animals.  As  to  the  effects  of  pinealectomy 
in  young  animals,  Sarteschi,  Foa,  and  Horrax  respectively  state 
that  the  removal  of  the  gland  leads  to  precocity  of  development. 
I'Lxner  and  Boese  and  Danby  report  no  changes  after  i)ineal- 
ectomy. 

3.  The  administration  of  pineal  substance  to  young  mammals 
is  reported  to  hasten  growth  and  sexual  maturity.  In  unicellular 
organisms  (paramoecia)  pineal  extracts  increase  the  rate  of  repro- 
duction to  more  than  double  that  of  controls.  In  larval  forms 
(ranidse)  both  growth  and  difk-rcutialion  are  hastened  as  a 
result  of  pineal  feeding. 

4.  The  inference  is  allowable  that  tlie  pineal  gland  is  an  organ 
of  internal  secretion  whose  functions,  however,  are  of  minor 
significance  in  the  general  activities  of  the  endocrinous  svstem. 
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SEVEN    FIGURES. 

IXTRODUCTIOX. 

In  the  spring  of  IDl.")  we  undertook  to  establish  the  influence 
of  pineal  gland  substances  upon  growth  and  differentiation  pro- 
cesses in  tadpoles.  The  tadpoles  employed  were  hatched  in  the 
laboratory  and  immediately  placed  upon  a  diet  of  pineal  gland. 
On  the  tenth  day  of  larval  life  it  was  readily  observable  that  in 
the  pineal  fed  groups  the  coloration  was  imiformly  lighter  than 
in  the  control,  muscle-fed  groups.  This  alteration  was  at  first 
attributed  to  some  unknown  difference  in  environmental  condi- 
tions— light,  background,  etc..  as  the  color  of  these  organisms 
was  known  to  van*-  considerably  in  response  to  such  stimuli. 
These  changes  when  first  noticed  were  trivial  in  degree,  but  as 
development  progressed  the  alterations  in  pigmentation  became 
correspondingly  greater.  Thirty  minutes  after  feeding  pineal 
tissue,  the  tadpoles  which  prior  to  the  feeding  had  been  uni- 
formly dark,  became  so  translucent  that  all  the  larger  viscera 
were  plainly  visible  through  the  dorsal  body  wall  (tigs.  1  and  2). 
This  translucency  appeared  with  such  regularity  and  so  punc- 
tually after  pineal  feedings  and  was  so  markedly  absent  in  the 
control  groups  that  the  phenomenon  was  made  the  subject  of 
special  study.  Out  from  this  work  have  come  many  acceptable 
evidences  of  a  pineal  gland  influence  upon  pigmentation,  upon 
the  phases  of  colloidal  state,  and  upon  the  vegetative  nervous 
system. 

The  following  report  is  the  record  of  the  unfolding  of  this 
further  work. 
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Figs.    ]    and    2.      Drawing   of    the   same    tadpole   just   prior   to    (Fig.    1)    and   forty- 
five   minutes  after   (Fig.   2)    pineal   feeding. 
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NATURE   OF   PIGMENTATION. 

The  color  phenomena  observable  in  many  animal  life  forms 
are  due  to  the  absorption  or  reflection  of  light  rays  by  chemical 
substances  in  the  integument  of  the  animal.  These  materials  are 
usually  found  as  granules  of  pigment  lying  in  specialized  cells, 
the  chromatophores.  Chromatophores  are  divisible  into  several 
types,  but  of  these  only  two  are  found  in  frog  skin.  First,  the 
melanophores,  lying  in  the  skin,  peritoneum,  etc.,  contain  gran- 
ules of  dark-brown  or  black  melanin  and  are  often  contractile. 
Second,  the  xanthophores,  which  are  found  only  in  the  adult 
skin,  contain  granules  of  light  yellow  xanthin  and  are  never  con- 
tractile. 

The  relationships  between  pigmentation  and  environment  are 
perfectly  obvious  but  little  understood.  The  color  changes  of 
the  common  tree  toad  (Hyla  arborea)  have  been  accounted  for 
in  various  ways.  One  writer  holds  that  the  pale  condition  is  the 
result  of  the  stimulative  effect  of  light  upon  the  chromatophores 
and  that  the  dark  phase  is  due  to  the  absence  of  that  stimulant 
(1).  Another  observer  (3)  claims  that  light  alone  has  very  little 
effect,  but  that  changes  of  temperature  control  the  coloration. 
The  problem  is  complicated  by  the  fact  that  the  same  individual 
may  not  react  in  the  same  way  under  exactly  similar  conditions. 
Certain  it  is,  however,  that  animals  do  respond  to  environmental 
changes  by  alterations  in  their  coloration.  It  has  been  shown  by 
numerous  experimenters  that  these  changes  are  to  a  great  extent 
under  the  control  of  the  eyes.  A  change  of  environmental  light 
is  caught  by  the  eye  and  the  resulting  stimulus  transmitted  to 
the  chromatophores  by  the  central  nervous  system.  That  this 
is  the  usual  method  of  procedure  is  indicated  by  the  atypical 
reactions  of  blinded  individuals. 

The  mechanism  of  these  changes  is  entirely  dependent  upon 
the  contraction  or  expansion  of  the  melanophores.  Roth  xan- 
thophores and  melanophores  enter  into  the  color  efl:"ects,  but  the 
former  play  a  passive  role  and  always  present  the  same  appear- 
ance. The  melanophores  of  frog  tadpoles  are  of  two  distinct 
types.  The  simpler  and  less  conspicuous  form  is  limited  to  the 
epidermis.  It  consists  of  a  cell-body  with  two  or  more  simple 
processes  {Ep.  M.,  figs.  5  and  6).     They  may  lie  singly  in  the 
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epidermis  or  in  such  abundance  as  to  form  a  definite  reticulum. 
These  melanophores  are  not  contractile  (3). 

The  second  type  of  melanophore  is  found  in  greatest  abund- 
ance in  the  subepidermal  connective  tissue.  During  late  meta- 
morphosis these  cells  migrate  to  the  corium.  In  the  expanded 
condition  the  subepidermal  melanophores  present  a  very  typical 
"mossy"  appearance.  The  cells  lie  so  closely  approximated  that 
they  form  a  nearly  continuous  sheet  (Sub.  M.,  fig.  6).  There  is 
a  lighter,  central  space  in  each  cell  probably  representing  the 
nucleus.  In  the  contracted  condition  {Siih.  M.,  fig.  7)  the 
melanophores  appear  as  irregular  dots  in  which  no  structure  is 
visible. 

It  has  been  fairly  well  established  that  the  contractile  melano- 
phores are  innervated  by  motor  fibres  proceeding  along  both 
sympathetic  and  spinal  nerve  paths  (4).  Hooker  has  shown 
physiologically  that  the  reactions  of  the  melanophores  of  the 
frog  are  synchronized  by  the  action  of  the  central  nervous  sys- 
tem. By  histological  methods,  Ballowitz  (5)  has  demonstrated 
motor  nerve  endings  in  melanophores  of  bony  fishes.  Laurens 
(6)  working  with  Amblystoma  larvae  has  shown  that  the  melano- 
phores may  contract  as  the  result  of  direct  stimulation.  Often, 
however,  this  primary  reaction  is  overcome  by  an  opposite, 
secondary  reaction  initiated  by  the  central  nervous  system. 

There  are  three  principal  theories  to  account  for  the  mechan- 
ics of  melanophore  contraction.  Ballowitz  (1)  claims  that  the 
contraction  is  an  intra-cellular  migration  of  the  pigment  granules 
within  fixed  cells.  The  protoplasm  of  a  chromatophore  is  filled 
with  numerous,  extremely  fine,  radially  arranged,  anastomosing 
canals  within  which  the  pigment  is  forced  back  and  forth  by  the 
alternate  contraction  and  relaxation  of  the  protoplasmic  canal 
walls. 

Spaeth  (7)  believes  that  the  chromatophores  of  fishes  are 
fixed  stellate  cells,  within  which  the  pigment  granules,  carried  in 
a  rather  fluid  cytoplasm,  stream  into  and  out  of  the  processes 
during  expansion  and  contraction.  He  explains  this  migration 
as  a  strictly  colloidal  phenomenon,  the  contracted  and  expanded 
conditions  representing  respectively  the  aggregate  and  disperse 
phases  of  a  colloidal  suspension.  This  is  perhaps  the  most  widely 
accepted  and  tenable  view. 
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Hooker  (8)  has  advanced  a  third  explanation.  He  beHeves 
that  the  melanophores  of  frog  larvae  lie  in  preformed  spaces  and 
that  the  cells  expand  and  contract  as  a  whole  within  the  spaces 
which  enclose  them.  The  acts  of  expansion  and  contraction, 
according  to  this  theory,  are  brought  about  by  pseudopodia,  the 
pigment  granules  being  carried  in  the  cell  cytoplasm.  On  this 
premise  the  pigment  cells  are  to  be  considered  amoeboid. 

These  expansions  and  contractions  are  commonly  brought 
about  by  changes  in  the  intensity  of  light  or  heat,  but  many  other 
agencies  will  cause  a  specific  reaction.  Spaeth  (7)  has  made  a 
detailed  study  of  the  reactions  .produced  by  a  great  variety  of 
stimuli  upon  the  melanophores  of  Fundulus.  He  notes  that  the 
reactions  are  in  every  way  comparable  to  those  obtained  by  the 
same  agents  upon  smooth  muscle.  He  raises  the  very  pertinent 
question  as  to  whether  melanophores  may  not  be  considered  as 
modified  smooth  muscle  cells. 

In  1910  Babak  (9)  noted  the  reversal  of  the  normal  reaction 
to  light  when  Axolotl  larvae  were  blinded.  In  dift'use  light  the 
melanophores  of  normal  seeing  larvae  contract.  .A.fter  painting 
the  eyes  with  an  opaque  substance  the  melanophores  expand  in 
light.  In  the  same  way  the  melanophores  of  normal  larvae  expand 
in  darkness,  while  those  of  blinded  larvae  contract.  Fuchs  (10) 
explained  the  phenomenon  as  due  to  the  intervention  of  the 
parietal  organ  (the  pineal  gland  of  higher  organisms).  He 
reached  this  conclusion  from  a  consideration  of  the  phylogeny 
of  tliis  organ.  The  embryology  of  the  parietal  organ  in  some 
of  the  lower  reptiles  indicates  very  clearly  that  this  body  is  a 
remnant  of  a  third  eye.  Fuchs  assumed  that  it  had  retained  some 
of  its  controlling  power  over  the  melanophores.  In  the  normal 
larvae  its  influence  is  completely  overshadowed  by  the  superior 
power  of  the  functioning  eyes.  In  the  blinded  larvae  the  parietal 
organ  again  assumes  control.  Laurens  has  completely  disproven 
this  hypothesis  (11). 

It  is  noteworthy  from  the  present  study  that  although  the 
pineal  gland  does  not  exert  a  controlling  influence  upon  pig- 
mentation comparable  to  that  arising  from  environmental  stim- 
ulation of  the  retina,  nevertlielcss  it  contains  an  active  substance 
capable  of  directly  inducing  pigmentation  changes  irrespective  of 
environmental  conditions. 
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MATERIAL   AND    METHODS. 

Eggs  of  the  species  Rana  pipiens,  Rana  cantabrigiensis  and 
Bufo  Americana  were  collected  in  the  vicinity  of  Detroit,  and 
hatched  in  the  laboratory.  Immediately  after  hatching  and 
before  the  oral  orifice  had  opened  they  were  grouped  in  trays  into 
colonies  of  200  and  food  placed  in  the  trays.  The  food  was 
weighed,  each  colony  receiving  the  same  amount  triweekly.  All 
foods  were  taken  voraciously  by  the  tadpoles.  By  means  of  a 
water-dropping  and  disposal  system  the  tadpoles  were  at  all  times 
in  fresh,  aerated  tap  water.  Moreover  the  trays  were  frequently 
shifted  to  average  environmental  conditions  of  light  and  tempera- 
ture. In  the  observations  on  pigmentation  we  used  some  12,000 
tadpoles. 

The  food  consisted  of  desiccated  glandular  material  and  fresh 
plant  food.  Of  the  glands  we  tested  the  efifect  of  pineal  (adult 
and  preadult)  thyroid,  parathyroid,  and  suprarenal.  Brain  tissue 
and  beef  muscle  were  used  as  controls.  Different  lots  of  tad- 
poles were  fed  upon  Spirogyra,  bread  crumbs  and  hemp  seed  as 
a  further  check.  A  single  lot  of  tadpoles  was  fed  on  desiccated 
retinae  from  beef  eyes  as  a  particular  experiment.  Of  these 
tissues  the  pineal  gland  alone  produced  the  phenomenon  we  have 
called  the  pineal-pigment  cycle. 


EXPERIMENTAL   EVIDENCE. 

Effect  of  zvholc  pineal  tissue  on  figiiientotlon. 

Certain  endocrinous  tissues  are  known  to  alter  pigmentation 
in  tadpoles.  This  was  noted  by  Gudernatscli  (13),  in  his  feeding 
experiments  on  these  animals.  Concerning  the  pigment  altering 
tissues  he  states : 

"After  two  weeks  feeding,  those  (Tadpoles)  fed  on  adrenal 
cortex  became  much  lighter  than  those  fed  on  adrenal  medulla 
or  any  other  food.  This  difference  in  color  became  more  evident 
as  the  experiment  proceeded,  until  the  cortex-fed  tadpoles  had 
an  extremely  light,  greenish  yellow  tint.  The  spleen  and  thymus 
fed  tadpoles  became  extremely  dark  during  the  course  of  the 
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feedings.      Those  fed  on  liver  developed  a  dark  greenish  color, 
those  on  ovary  a  yellowish  color." 

The  type  of  pigment  variation  observed  by  Gudernatsch  is 
obviously  distinct  from  that  observed  by  us.  In  his  animals  the 
pigment  alteration  was  slow  in  appearing  and  persistent.  In 
ours  the  change  appeared  early  in  life,  occurred  sharply  in  rela- 
tion to  feeding,  was  cyclic  and  transient. 

After  the  tenth  day  of  larval  life  pigment  changes  were 
always  evident  after  every  feeding  of  the  pineal  tissues,  and  the 
animals  continued  to  react  until,  their  forelegs  protruded.  Suffi- 
cient blanching  of  the  bodies  occurred  within  thirty  minutes  after 
pineal  feedings  to  differentiate  these  colonies  from  their  controls. 
A  maximum  condition  of  translucency  was  attained  in  about 
forty-five  minutes,  and  three  to  six  hours  later  restoration  to  the 
original  color  was  complete.  The  dift'erence  was  first  noticeable 
in  the  region  about  the  eyes  due  to  the  absence  of  larger  viscera. 
It  can  be  demonstrated,  however,  that  the  reaction  occurs  simul- 
taneously over  the  whole  body.  At  the  height  of  the  reaction 
the  integument  was  so  transparent  that  the  brain,  the  olfactory 
tracts,  the  kidneys,  the  beating  heart,  and  the  intestines  were  all 
clearly  visible  through  the  dorsal  body  wall. 

Figures  1  and  2  are  drawings  of  a  single  tadpole  just  prior  to 
and  forty-five  minutes  after  feeding  pineal  material.  The  darker 
portions  in  2  are  due  to  the  denser  viscera,  the  pigment  conditions 
being  the  same  over  the  entire  animal. 

Photography  fails  to  give  a  true  picture  of  this  phenomenon 
but  since  actual  photographs  are  more  valuable  as  exact  evidence 
than  drawings  figures  3  and  -i  are  here  included.  These  are 
respectively  photographs  of  the  same  group  of  tadpoles  just  prior 
to  and  thirty  minutes  after  feeding  5  mgm.  fresh  pineal  gland. 
A  true  evaluation  of  the  relative  pigmentation  may  be  had  by 
comparison  of  the  tadpoles  of  figure  3  with  the  periphery  of  those 
in  figure  -1.  The  dark  color  in  the  center  of  the  bodies  in  figure 
•i  is  due  to  the  opacity  of  the  denser  viscera  and  intestinal  con- 
tents and  not  to  a  difference  in  the  pigmentation  of  the  skin. 

If  a  portion  of  the  skin  from  a  light  and  from  a  dark  tadpole 
be  dissected  loose  and  examined  under  a  microscope  the  reason 
for  the  dift'erence  in  shade  will  be  readily  apparent  (figs.  6  and 
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7).  The  two  types  of  melanophores  are  present.  In  the  normal 
(dark)  piece  of  skin  the  subepidermal  melanophores  (fig.  6, 
Snh.M.)  are  expanded  to  such  an  extent  that  they  form  an 
opaque  sheet  in  which  there  are  left  a  few  scattered  openings. 
In  the  light  piece  of  skin  these  melanophores  are  contracted  to 
rough  spheres  of  pigment  (fig.  7,  Suh.  M.).  The  epidermal 
melanophores  exhibit  an  unchanged  appearance  in  both  drawings. 
A  sagittal  section  of   normal   skin    (fig.   5)    shows  the   relation 


Figs.   3-4.     Photographs   made    by   reflected   light. 

Fig.    3.     Normal    tadpoles — just    prior   to   pineal    feeding. 

Fig.  4.  Same  tadpoles  30  minutes  after  feeding  acetone  extract  of  pineal  gland. 
The  darker  portions  of  these  tadpoles  are  due  to  denser  viscera — heart,  gills,  intestinal 
contents,   etc.     The   degree   of   translucency  is  identical   in  all  parts   of  the   skin. 


between  the  two  types  of  melanophores  and  the  various  layers  of 
the  integument. 

These  described  alterations  in  pigmentation  are  invariably 
induced  in  tadpoles  upon  the  administration  of  pineal  materials, 
be  they  the  fresh  minced  glands,  simple  desiccation  preparations, 
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or  simple  aqueous  extracts.  In  an  eft'ort  to  associate  these 
changes  with  certain  constituents  of  the  pineal  gland,  various 
fractions  of  the  pineal  were  prepared  and  employed  and  are  now 
about  to  be  described. 

Ep.M. 


Sub.M. 


Fig.  5.  Sagittal  section  of  integument  taken  from  the  eye  region  of  a  normal 
tadpole.  Section  illustrates  the  two  types  of  melanophores  and  their  position  rela- 
tive  to   the   tissue   layers. 


ABBREVIATIONS. 


Ep.,    epidermis 

Int.,     integument,     including     epidermis 
and    subepidermal   tissue 


Ep.M.,    epidermal    melanophores 
Sub.M.,    subepidermal    melanophores 
B.M.,    basement    membrane 
Sub.,   subepidermal  connective   tissue 


Effect  of  pineal  fractions  on  pig)iieiifatioii. 


In  the  preparation  of  these  split  materials  the  fresh  glands 
were  either  ground  up  and  immediately  extracted  or  desiccated 
and  subsequently  extracted.  From  the  results  of  a  wide  varia- 
tion in  fractionation  methods,  chief  interest  centers  around  the 
acetone  and  alcohol  extractives  and  their  residues.  In  the  case 
of  acetone  the  process  was  carried  out  in  a  Soxhiet  apparatus-- 
On  freeing  the  extractives  from  acetone  there  resulted  a  brown.- 
ish-black  fatty  mass  with  an  odor  suggestive  of  crude  fish  oil- 
Portions  of  these  extractives  and  the  residue  were  prcservecJ 
intact  for  experimentation.  Other  portions  of  both  wc-re  re- 
extracted  with  alcohol.  Likewise  fresh  pineal  material  was 
extracted  with  alcohol  and  the  residue  and  extractives  respectively 
extracted  subsequently  with  acetone.  These  several  preparations 
were  tested  as  to  their  influence  upon  pigmentation  on  several 
hundred  tadpoles    from   the   same   hatchings.      At   once   it   was 
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apparent  that  the  pigment  altering  principle  was  completely  dis- 
solved in  acetone.  The  typical  pigment  cycle  was  induced  by 
this  extract  while  the  residue  and  all  acetone  extracts  of  muscle 


Sub.M. 


Fig.  6.  Surface  view  of  integument  from  nonnal  tadpole.  On  the  lett  side  of 
the  drawing  the  subeiiidermal  connective  tissue  has  been  torn  away,  leaving  the 
epidermis  alone.  Thus  on  the  right  side  both  types  of  melanophores  are  visible,  on 
the  left  the  epidermal  type  alone.  The  pigment  granules  in  the  subepidermal 
melanophores  are  evenly  distributed  throughout  the  cytoplasm,  illustrating  the  dis- 
perse   phase. 
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Fig.  7.  Similar  view  of  integument  from  tadpole  ti.xed  30  minutes  after  feeding 
acetone  extract  of  pineal  gland.  In  this  case  the  pigment  granules  in  the  sub- 
epidermal melanophores  are  collected  into  a  mass  in  the  center  of  the  cell — the 
aggregate    phase. 

The  material  was  fixed  in  Bouin's  fluid,  dehydrated,  cleared  in  xylol  and 
mounted  without  staining  in  balsam.  The  drawings  were  made  with  the  aid  of  an 
Abbe  camera  lucida,  with  Leitz  objective  6  and  ocular  4,  giving  an  approximate 
magnification  of  590  diameters,  but  have  been  reduced  Vj  for  publication.  All  ma- 
terial  was  taken    from   the    region   between   the  eyes. 
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tissues  induced  no  pigment  changes.  The  residue  from  acetone 
extraction  was,  however,  capable  of  inducing  the  growth  stimu- 
lating action  that  McCord  has  described  for  the  pineal  gland, 
while  the  acetone  extracts  which  were  exquisitely  active  in  in- 
ducing pigment  alterations  were  only  slightly  active  in  stimulating 
rapid  growth.  The  inference  is  that  at  least  two  separate  distinct 
principles  exist  in  the  pineal,  the  one  producing  the  pigment 
phenomena,  the  other  stimulating  rapid  growth.  In  the  case  of 
the  alcoholic  extraction  the  active  substances  were  not  readily 
soluble,  for  the  alcoholic  extractives,  the  alcoholic  residue,  and 
the  acetone  reextractives,  all  yielded  positive  pigment  results. 
The  acetone  extractives  yielded  quite  readily  to  aqueous  emulsify- 
ing, and  this  form  proved  to  be  the  most  convenient  mode  of 
employing  this  material. 

Quantitative  relations  in  time  and  amount  of  contraction. 

In  the  feeding  of  pineal  materials  to  the  tadpoles  the  time 
interval  necessary  to  establish  maximum  contraction  of  the  pig- 
ment cells  increased  as  the  concentration  decreased.  Tadpoles 
placed  in  a  1 :500  pineal  emulsion  were  noticeably  lighter  in  five 
minutes  and  required  but  thirt}-  minutes  to  arrive  at  maximum 
translucency.  In  higher  dilutions  the  maximum  translucency 
was  attained  only  after  a  longer  interval,  and  in  very  high  dilu- 
tions producing  only  qualitative  changes  the  maximum  was  not 
attained.  The  dilution  of  1:100,000  was  the  highest  that  pro- 
duced a  macroscopically  discernible  qualitative  action.  These 
reasonably  constant  quantitative  relations  have  afforded  us  a 
means  for  the  evaluing  of  the  strength  of  our  several  prepara- 
tions and  may  on  extended  study  prove  to  be  a  trustworthy 
method  for  the  standardization  of  pineal  products,  for  at  the 
present  time  no  method  exists  for  testing  the  strength  of  such 
preparations. 

The  quantitative  relations  between  concentration  and  time 
will  be  evident  from  the  following  table : 
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Dilution  of   Acetone 

Extract 

Maximum    Reaction    Attained    in 

miniitfs 

500 

30 

1000 

45 

2000 

60 

5000 

105 

10,000 

Qualitative  change  but  maximum  not 

attained. 

1 :  100,000 

Maximum  not  attained. 

The  maximum  reaction  was  determined  by  comparison  witli 
a  standard  consisting  of  several  tadpoles  which  had  been  placed 
in  a  1 :500  pineal  emulsion  thirty  minutes  prior  to  the  beginning 
of  the  experiment.  The  translucency  tlius  obtained  was  found 
to  be  the  greatest  possible.  It  served  as  the  criterion  for  com- 
parison as  to  the  degree  of  depigmentation  induced  by  pineal 
preparations  of  unknown  activity.  In  the  practical  standardiza- 
tion of  pineal  preparations,  the  end  reaction  of  greatest  feasibility 
was  the  comparative  time  intervals  necessary  to  attain  to  maxi- 
mum translucency.  Such  a  method  is  obviousl}^  open  to  the 
criticism  tliat  frog  larvae  are  only  obtainable  for  a  short  period 
in  the  )'ear.  \\\t\\  Bufo  Americana  pigment  changes  were  found 
to  be  too  trivial  to  be  of  value  in  standardization.  Rana  pipiens 
were  exquisitely  responsive  and  admirably  suited  for  standardiza- 
tion purposes  except  in  tliat  only  during  the  spring  months  are 
they  obtainable.  We  are  now  experimenting  with  certain  am- 
phibian larval  forms  that  may  be  obtained  throughout  the  year. 

We  have  determined  that  the  growth  stimulating  principle  in 
the  pineal  is  distinct  from  the  principle  concerned  in  pigment 
changes,  and  this  on  furdier  investigation  may  militate  against 
this  proposed  means  of  standardization. 

Effect  of  pineal  gland  upon  melanopJwrcs  of  other  for)ns} 

Pineal  gland  extracts  have  no  demonstrable  effect  on  either 
type  of  chromatophore  of  Loligo  (squid)  or  upon  the  melano- 
phores  of  adult  Fundulus.  The  extracts  however  determine 
distinct  contraction  of  the  melanophores  of  young  Fundulus  as 
may  be  noted  in  accompanying  table. 


^Experiment  conducted  by  A.   Noble  at  Woods   Hole,  Mass. 
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No.    1 

No.    2 

No.  3 

One- 

B 

Week-Old   Funduli    in 
oiled    Sea   Water. 

()iie-Week-01d     Funduli     in 
Emulsion  of  Acetone  Ex- 
tract   of    Beef    Muscle    in 
Sea- Water. 

One-Week-Old      Funduli      in 
Emulsion    of    Acetone    Ex- 
tract   of    Pineal    Glands    in 
Sea-Water. 

Tim 

Time 

Time 

9.15 

Complete 

expan- 

9.15 

Complete    ex- 

9.15 

Complete  expan- 

sion of 

melano- 

pansion. 

sion 

phores 

9.38 

Complete 

expan- 

9.40 

Complete    ex- 

9.37 

Beginning      con- 

sion of 

melano- 

pansion. 

traction 

phores 

9.46 

Complete 

expan- 

9.47 

Complete    ex- 

9.45 

Contraction      in- 

sion of 

melano- 

pansion. 

creasing 

phores 

9.59 

Complete 

expan- 

10.00 

Complete   ex- 

9.58 

Contraction      al- 

sion of 

melano- 

pansion. 

most    complete 

phores 

10.31 

Complete 

expan- 

10.32 

Complete   ex- 

10.30 

Complete        con- 

sion of 

melano- 

pansion. 

traction 

phores 

11.51 

Complete 

expan- 

11.52 

Complete  ex- 

11.50 

Complete        con- 

sion of 

melano- 

pansion. 

traction 

phores 

11.55 

All  transferred  to 
fresh  sea  water 

1.55 

p.m.    Complete  ex- 

1.56 

Complete       ex- 

1.54 

Partial        expan- 

pansion 

pansion 

sion 

3.01 

p.m.    Com 
pansion 

plete  ex- 

3.02 

Complete       ex- 
pansion 

3.00 

Complete  expan- 
sion   of    some 
of  the  melano- 
phores,       espe- 
cially   in    tail ; 
partial     expan- 
sion of  others 

Mode  of  absorption  of  the  pigmentation  altering  principle. 

Several  experiments  were  tried  with  the  object  of  showing 
whether  the  pineal  tissue  must  be  ingested  or  not  in  order  to 
produce  the  reaction. 

1.  Pineal  emulsion  on  anesthetized  tadpoles.  Several  tad- 
poles of  equal  depth  of  pigmentation  were  completely  anesthetized 
with  ether,  after  which  half  were  placed  in  an  emulsion  of 
acetone  extract  of  beef  pineal,  the  others  in  a  like  emulsion  of 
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muscle  tissue.  Five  minutes  later  those  in  the  pineal  emulsion 
were  perceptibly  lighter,  later  acquiring  a  marked  translucency. 
The  latter  remained  unchanged.  The  tadpoles  recovered  from 
the  anesthetic  and  gradually  regained  their  original  appearance. 

2.  Hypodermatic  injection  of  pineal  emulsion.  Several  tad- 
poles of  ecjual  depth  of  pigmentation  were  divided  into  two 
groups.  One  received  0.01  cc.  of  an  emulsion  (1-500)  of  acetone 
extract  of  pineal  gland,  injected  hypodermatically  into  the  peri- 
toneal cavity;  the  other  received  the  same  amount  of  normal 
saline  solution  injected  in  a  similar  way.  Shortly  after  injection 
the  pineal  treated  animals  became  lighter,  eventually  reacting  to 
the  maximum  degree  of  translucency.  The  other  tadpoles  re- 
mained practically  unchanged  in  appearance.  As  a  further  con- 
trol a  third  group  was  immersed  in  the  pineal  emulsion,  for  the 
length  of  time  consumed  in  making  the  injection  and  the  tadpoles 
were  then  washed  in  tap  water.  They  remained  unchanged. 
This  control  showed  that  the  efifect  produced  was  due  to  the 
injected  pineal  material  and  not  to  any  accidental  absorption 
through  the  skin. 

3.  Effect  of  pineal  emulsion  on  eviscerated  tadpoles.  A  num- 
ber of  tadpoles  were  completely  eviscerated.  These  tadpoles  live 
and  swim  about  as  freely  as  their  fellows.  Following  this  pro- 
cedure part  of  the  animals  were  removed  to  an  emulsion  of  the 
acetone  extractive  of  beef  pineal  gland  and  shortly  passed  through 
the  same  pigment  changes  as  normal  tadpoles  placed  in  this 
emulsion  at  the  same  time.  The  eviscerated  and  normal  tadpoles 
remaining  in  tap  water  did  not  change  in  color. 

These  observations  prove  conclusively  that  the  principle  in- 
volved is  directly  absorbable  through  the  gills  or  skin.  The  efifect 
is  produced  without  the  intervention  of  the  processes  of  digestion. 
There  is  no  indication,  however,  as  to  whether  the  principle  acts 
directly  upon  the  melanophores,  or  indirectly  through  the  medium 
of  the  central  nervous  system. 

Effect  of  pineal  extract  upon  unstriated  muscle. 

Aqueous  extracts  of  fresh  pineal  glands  were  tested  according 
to  the  method  of  Dale  and  Laidlaw  (13)  upon  isolated  strips  of 
guinea-pig  uterus.  The  extract  produced  a  typical  though  feeble 
contraction  of  the  uterine  muscle.      Three  cc.  of  a  20-per-cent 
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pineal  extract  was  roughly  equivalent  in  activity  to  0.004  cc.  of  a 
20-per-cent  pituitary  extract.  Thus  pineal  extracts  stimulate 
certain  smooth  muscle  cells  as  well  as  pigment  cells  to  contrac- 
tion. This  similarity  of  action  goes  far  to  confirm  Spaeth's 
hypothesis  that  the  melanophore  is  a  type  of  smooth  muscle  cell. 

COMMENT. 

Many  acceptable  evidences  associate  the  pineal  gland  with  an 
earlier  optical  function.  In  the  reptilian  stage  of  evolution  this 
parietal  eye  probably  attained  to  its  highest  development.  In  the 
embryos  of  certain  lizards  (Lacerta  agilis)  the  typical  eye  struc- 
ture is  still  evident,  but  in  no  form  living  at  the  present  time  does 
the  pineal  gland  retain  an  ocular  function  of  high  order  (14). 

The  color  changes  in  certain  forms  are  obviously  in  adjustment 
to  environmental  conditions.  The  eye  is  the  essential  controlling 
factor  in  this  adjustment.  When  in  blinded  animals  certain 
definite  changes  in  pigmentation  still  occur,  on  theoretical  ground 
it  is  tenable  to  assume  that  the  pineal  body  retains  sufficient 
ocular  mechanism  to  exert  its  influence  upon  the  pigment  cells. 
This  is  the  hypothesis  suggested  by  Fuchs  (10).  Laurens  has 
established  experimentally  that  such  an  activity  on  the  part  of 
the  pineal  is  highly  improbable  (11).  Accepting  the  contentions 
of  Laurens,  it  is  the  gist  of  our  work  that  while  the  pineal  does 
not  act  in  the  role  of  its  ancient  ocular  function,  it  contains 
within  itself  an  active  principle  capable  of  inducing  pigment 
changes  independent  of  and  wholly  apart  from  environmental 
conditions.  The  pineal  pigment  changes  dominate  and  appear 
despite  environmental  conditions  tending  toward  the  opposite 
phase.  The  salient  observations  that  we  have  recorded  in  detail 
on  the  foregoing  pages  are : 

1.  Up  to  near  tenth  day  of  larval  life  in  tadpoles,  pigmenta- 
tion is  not  influenced  by  pineal  feeding.  Evidences  relative  to 
this  are  not  precise,  but  suggest  that  this  is  due  to  incomplete 
development  of  the  nervous  mechanism  involved. 

2.  Beginning  at  this  time  and  continuing  until  near  the  ter- 
mination of  metamorphosis,  the  addition  of  traces  as  small  as  1 
part  acetone  extract  in  100,000  parts  water  determine  distinct 
cyclic  pigment  changes  peculiar  to  these  preparations.      Prior  to 
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feeding,  both  controls  and  experimental  animals  are  uniformly 
dark  colored.  Shortly  after  feeding  the  pineal  fed  groups  begin 
to  lose  color  until  within  thirty  minutes  all  macroscopic  pigment 
is  lost  so  that  all  the  larger  viscera  are  clearly  visible  (figs.  1  and 
2).  The  condition  is  transient  and  the  cycle  is  complete  with 
full  restoration  of  color  within  from  three  to  six  hours,  unless 
further  pineal  food  is  added  to  the  trays.  As  metamorphosis  is 
completed  the  pigment  is  no  longer  altered  by  pineal  materials, 
due  to  rearrangements  of  chromatophore  types  and  sites  in  the 
adult  animal. 

3.  The  response  in  pigment  change  is  quantitative.  A  method 
is  described  for  the  standardization  of  pineal  preparations. 

4.  The  pineal  substance  responsible  for  the  pigment  changes 
is  wholly  extracted  by  acetone.  The  residue  after  acetone  ex- 
traction is  an  inert  substance  as  to  pigment  influence.  However 
this  residue  has  an  influence  on  growth  and  differentiation. 
The  inference  is  that  the  gland  contains  more  than  one  active 
substance. 

5.  The  reactions  produced  by  pineal  extracts  add  some  evi- 
dence to  Spaeth's  contention  that  the  melanophores  are  modified 
smooth  muscle  cells.  The  similarity  of  contraction  of  certain 
smooth  muscle  organs  under  the  influence  of  pineal  extracts  and 
the  contraction  of  melanophores  is  in  keeping  with  Spaeth's 
hypothesis. 

The  very  nature  of  this  pineal-pigment  cycle  aff'ords  an  ex- 
cellent method  of  approach  to  the  mechanics  of  melanophore 
function  and  from  this  the  larger  in-oblems  of  colloidal  state. 
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(Reprinted  from  X.\^&Jouyiial  of  the  American  Veterinary  Medical  Association,  May,  19J7. ) 

DESICCATED   ANTHRAX   ANTIGEN   FOR   IMMUNIZA- 
TION PURPOSES. 

N.  S.  Ferry,  Detroit,  Michigan. 

Pasteur's  anthrax  vaccine  has  been  used,  wherever  anthrax 
has  prevailed,  since  it  was  first  brought  to  the  attention  of  the 
veterinary  profession,  although  it  has  long  been  known  to  be  an 
exceedingly  unstable  and  unreliable  product.  According  to 
Washburn  (Farmer's  Bulletin  No.  7<S4,  United  States  Depart- 
ment of  Agriculture),  "In  the  Pasteur  method  of  vaccination 
there  are,  however,  disadvantages  which  must  be  duly  considered. 
To  obtain  satisfactory  results  from  the  use  of  Pasteur's  vaccine 
it  is  of  primary  importance  that  the  product  be  active.  Experi- 
ence has  proved  that  this  type  of  vaccine,  if  subjected  to  unfavor- 
able conditions,  may  deteriorate  within  a  short  time  after  its 
preparation.  Since  the  enactment  of  legislation  giving  the  United 
States  Department  of  Agriculture  control  of  the  manufacture  of 
veterinary  biological  products  going  into  interstate  trade,  period- 
ical tests  have  been  conducted  with  anthrax  vaccine  prepared  by 
various  manufacturers,  and  in  many  instances  the  vaccine  proved 
inert  within  three  months  of  its  preparation.  In  other  cases  it 
remained  potent  for  a  year.  When  exposed  to  warm  temperature 
and  light  it  deteriorates  very  rapidly,  and  when  it  is  remembered 
that  the  products  of  manufacturers  may  be  stored  under  unfavor- 
able conditions  in  branch  houses  and  in  rural  drug  stores,  the 
loss  of  value  can  be  readily  explained." 

It  seems  to  be  ref[uisite,  for  the  successful  vaccination  of 
animals  against  anthrax,  to  artificially  produce  a  slight  attack  of 
the  disease.  This  procedure  raises  the  resistance  of  the  tissues 
of  the  animal  sufficiently  to  prevent  the  live  virulent  microorgan- 
isms from  finding  lodgment  and  thus  producing  the  disease  in  the 
natural  way.  The  organisms  in  Pasteur's  vaccine  do  not  remain 
in  a  sufficiently  virulent  condition,  as  a  rule,  to  produce  this 
artificial  immunity,  so  that  investigators,  realizing  this  fact,  have 
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endeavored  to  devise  other  methods  of  preparing  the  antigen  for 
vaccine  purposes.      The  very  fact  that  the  anthrax  bacillus  is  a 
spore-bearing  organism  very  readily  lends  itself  to  the  solution 
of  the  problem,  as  it  is  known  that  the  spores  at  times  retain  their 
virulence  for  years  under  circumstances  that  would  prove  cietri- 
nxental  to  organisms  in  the  non-spore  or  vegetative  stage,  such  as 
Pasteur's  vaccine.      Experiments  have  shown  also  that  when  the 
anthrax  organism  is  acted  upon  by  the  proper  amount  of  heat  it 
gradually  loses  its  virulence  and,  thus  attenuated,  will  retain  its 
modified  strength  in  the  spore  stage.-     The  method  that  is  em- 
ployed for  this  attenuation  is  that  first  proposed  by  Pasteur  and 
used  for  his  vaccine.     A  broth  culture  of  the  anthrax  bacillus  is 
allovv^ed  to  grow  under  the  influence  of  a  temperature  of  -12.5°  C. 
and,  at  varying  intervals,  is  tested  for  virulence  on  rabbits,  guinea 
pigs  and  white  mice.     A  suspension  of  the  organism  just  virulent 
enough  to  kill  a  white  mouse  but  not  a  guinea-pig  is  designated 
as  vaccine  No.  1,  and  one  that  will  kill  a  guinea-pig  but  not  a 
rabbit  is  vaccine  No.  2.      With  this  method  of  procedure  it  is  a 
very  simple  matter  to  stari,dardize  a  spore  vaccine  to  any  strength. 
According    to    Eichhorn    (Bulletin    No.    340,    United    States 
Department   of   Agriculture),    Zenkowsky    in    Russia,    Detre    in 
Hungary,  Nitta  in  Japan,  and  others,  have  had  successful  results 
with  spore  vaccines,  and  for  that  reason  and  also  as  a  result  of 
experiments  carried  on  by  the  U.  S.  Bureau  of  Animal  Industry, 
a  spore  vaccine  has  been  proposed  by  them  to,,  replace,  in  this 
country,  the   Pasteur  vaccine,  using  for   the   spore  vaccine   the 
same   standardization   tests   as    for   Pasteur's    vacciije.    •    In    the 
preparation  of  this  spore  vaccine  the  following  method  is  given 
by  Eichhorn:     "For  tlie  purpose  of  producing  a  spore  vaccine  it 
is  desirable  to  use  a  peptone-free  agar  media  and  after  inoculation 
with  the  attenuated  culture,  to  grow  the  organism  at  a  temperature- 
of  37.5°  C.  for  4  to  7  days,  by  which  time  an  abundance  of  spores 
\will  have  formed.      The  growth  is  then  washed  from  the  slants 
and  collected  in  a  sterile  flask  and  heated,  to  a  temperature  of  60^ 
C.   for  one-half   hour,   to   destroy   the   vegetation    forms   of   the 
organism.      A  measured  quantity  of  this  suspension  can  then  be 
plate^  out  in  the  usual  manner  and  the  spore,  control  of  1  c.c.  of 
the  .suspension  be  established."      He  also  says,    "In  consideration 
<pf  the  keeping  qualities  of .  the  spore  vaccine,  large  lots  can  be 
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storing  of  the  same,  however.  [)roper  care  should  1)C  taken  to 
prevent  contamination." 

In  preparing  material  of  an  antigenic  nature,  especially  for 
yaccine  purposes,  experience  has  taught  us  that  deterioration  due 
to  light,  heat,  chemical  action,  autolysis,  bacterial  contamination 
and  other  conditions,  is  a  factor  with  which  one  must  constantly 
contend,  and  a  factor  best  controlled  by  refrigeration.  For 
therapeutic  immunization  on  a  practical  basis,  however,  refrigera- 
tion is  out  of  the  question,  and  desiccation  has  of  late  jM-oven  a 
satisfactory  substitute. 

AX'hile  the  spore  vaccine  in  suspension  used  in  Russia,  I^iun- 
gar}-  and  Japan  and  advised  in  thiscpuntry  by  Eichhorn  and 
others  has  a  distinct  advantage  over  Pasteur's  vaccine,  it  also 
has  its  faults,  and  it  is  very  evident  that  the  ideal  vaccine  would 
be  a  spore  vaccine  in  a  desiccated  form.  This  sort  of  a  vaccine 
would  embody  all  of  the  advantages  of  both  the  spore  vaccine  and 
Pasteur's  vaccine.  With  this  thought  in  mind  experiments  were 
undertaken  by  the  author  to  determine,  if  possible,  the  practica- 
bility of  a  vaccine. 

The  desiccated  spore  vaccine  in  question  was  prepared  in  a 
similar  manner  to  the  spore  vaccine  in  suspension,  with  the  excep- 
tion that  the  growth  of  the  anthrax  bacillus  was  scraped  ofi.  the 
agar,  incorporated  with  a  sterile  diluent  in  a  i)roportion  suitable 
to  fulfill  the  tests  required  for  its  standardization,  and  dried  at 
room  temperature. 

This  vaccine  was  first  tested  in  the  early  part  of  last  year,  and 
upon  repeating  the  tests  one  year  later,  with  the  same  vaccine 
which  had,  in  the  meantime,  been  kept  at  room  temperature,  it 
was  found  that  there  was  no  deterioration  in  its  virulence.  This 
showed  conclusively  that  it  is  not  even  necessary  to  keep  the 
desiccated  vaccine  at  refrigerator  temperature  as  is  advised  for 
the  ordinary  spore  vaccine  in  suspension. 

There  is  also  a  question  of  vital  importance  to  owners  of 
cattle,  especially  when  the  animals  are  raised  in  large  numbers, 
relative  to  the  form  in  which  the  desiccated  material  is  presented 
and  the  w^ay  in  which  it  is  to  be  administered.  This  is  an 
extremely  practical  question  and  upon  which  rests,  in  a  large 
measure,  the  usefulness  of  the  vaccine.      If  it  is  made  necessary 
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to  dissolve  this  dried  vaccine  in  water  before  it  can  be  injected, 
the  method  will  have  defeated  its  own  purpose.  To  round  up 
several  hundred  head  of  cattle,  many  of  them  in  a  wild  state,  wath 
the  intention  of  injecting  them  with  a  liquid  vaccine  by  means  of 
a  syringe  and  a  frail  needle,  is  a  difficult  task.  This  is  recognized 
as  a  great  disadvantage  to  Pasteur's  vaccine  and  the  spore  vaccine 
in  liquid  form,  which  is  being  used  at  present.  The  spore 
vaccine  should  not  only  be  desiccated,  but  it  should  be  so  pre- 
pared and  standardized  that  it  can  be  injected  in  the  dry  state  in 
proper  and  safe  proportions.  This  can  readily  be  accomplished 
by  moulding  the  dry  spore  vaccine  into  either  the  pellet  or  thread 
form,  preferably  the  pellet,  which  insures  the  most  convenient 
and  the  safest  method  for  handling  and  injecting. 
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THE    PREPARATION    AND    STANDARDIZATION    OF 
OVARIAN  AND  PLACENTAL  EXTRACTS. 

By  W.  H.  AIorley,  ^I.D. 

(From  the  Research  Laboratory  of  Parke,  Davis  &  Co.,  Detroit,  Michigan.) 

Anyone  who  has  read  the  various  articles  and  monographs 
that  have  appeared  in  the  hterature  in  the  last  few  years  on  the 
internal  secretion  of  the  ovan,-  or  placenta  has  no  doubt  been 
impressed  by  the  great  disparity  of  results  obtained  with  extracts 
of  these  organs.  This  also  obtains  for  the  other  glands  that 
possess  an  internal  secretion  with  exception  of  the  adrenals.  One 
investigator  will  arrive  at  seemingly  beautiful  results  with  an 
extract  of  a  certain  endocrine  gland,  while  another  will  obtain  a 
result  exactly  opposite  with  an  extract  of  the  same  gland.  One 
investigator  may  isolate  from  the  same  gland  two  products,  whose 
action  is  antagonistic.  Another  research  worker  will  try  to 
confirm  the  work  of  these  others  and  obtain  negative  results,  if 
indeed  he  does  not  get  results  different  from  those  he  is  attempt- 
ing to  duplicate.  The  reason  for  this  difference  is  that  each  one 
has  made  an  extract  by  a  different  method  and  in  a  different  way. 

The  need,  therefore,  for  more  uniform  methods  in  the 
preparation  of  ovarian  and  placental  extracts  at  once  becomes 
apparent.  For  in  no  other  way  can  the  results  of  the  different 
research  workers  and  clinicians  be  compared.  The  tangible  data, 
both  in  the  laboratory  and  in  the  clinic,  are  at  best  small.  At 
present  results  obtained  from  extracts  of  the  entire  ovary  or 
from  the  yellow  body  alone,  without  note  of  whether  aqueous, 
alcoholic,  or  ethereal  extraction  is  employed,  are  reported.  The 
results  will  of  course  vary  and  are  not  comparable.  All  these 
differences  and  annoyances  will  disappear  as  soon  as  the  active 
principle  of  the  ovary  and  placenta  is  isolated.  But  until  then 
it  would  be  much  better  if  some  uniform  method  for  the  prepara- 
tion and  the  standardization  of  ovarian  and  placental  extracts 
were  formulated. 
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Perhaps  a  short  review  of  some  of  the  more  important 
articles  on  the  preparation  of  ovarian  and  placental  extracts,  and 
a  description  of  the  attempts  made  to  isolate  their  active  principle, 
may  be  of  aid  in  showing  the  absolute  necessity  of  a  more  uniform 
method  of  preparation.  It  is  only  within  the  last  ten  years  that 
an  attempt  has  been  made  to  isolate  the  active  principle  of  the 
ovary  and  placenta,  especially  the  former.  Before  that  and  even 
up  to  the  present  time,  the  desiccated  product  of  the  ovary  or 
corpus  luteum  has  been  given  to  allay  symptoms  referable  to 
some  disturbance  of  the  internal  secretory  mechanism  of  the 
ovary.  Among  the  first  to  attempt  to  make  an  extract  that 
would  contain  the  active  principle  of  the  ovary  was  Iscovesco. 
He  investigated,  as  early  as  1908,  the  action  of  the  so-called 
"lipoids"  obtained  from  the  red  blood  corpuscles,  the  hypophysis, 
the  kidney,  the  suprarenal  capsules,  the  ovaries,  the  testicles,  and 
the  corpora  lutea.  He  found  that  the  "lipoids"  obtained  from 
these  sources  exerted  a  certain  action  on  the  female  genitalia 
and  discovered  at  the  same  time  that  there  were  two  classes  of 
these  lipoids,  classified  according  to  their  action.  One,  which  he 
called  "homo-stimulating,"  had  an  action  on  the  same  organ  from 
which  it  was  derived,  and  the  other,  called  "hetero-stimulating," 
had  an  action  on  difi:erent  organs.  This  division  was  purely 
arbitrary,  as  he  discovered  later. 

Of  special  importance  are  the  two  "lipoids"  which  he  charac- 
terizes as  "II  F.  b."  and  "V.  D.  c,"  both  being  obtained  from  the 
ovary ;  the  latter  he  was  able  to  isolate  from  the  corpora  lutea. 
His  technique  in  preparation  as  given  in  his  paper,  which  ap- 
peared in  the  Comptes  Rendus  de  Soc.  de  Biol.,  1913,  Ixxii,  808, 
is,  briefly,  as  follows :  The  fresh  organ  is  finely  pulped  and  the 
pulp  thrown  into  three  times  its  volume  of  95  per  cent,  alcohol, 
an  which  it  is  allowed  to  remain  two  hours.  Then  it  is  filtered, 
set  aside  to  extract  the  lipoids  and  is  designated  as  Fraction  I. 
The  residual  pulp  is  desiccated  at  40  degrees,  pulverized  and 
treated  with  different  solvents.  First,  it  is  extracted  with  sul- 
phuric ether  and  this  is  called  Fraction  II  of  the  "lipoids."  The 
residue  therefrom  is  dried,  powdered  and  treated  with  acetone  in 
the  same  manner,  which  gives  Fraction  III.  Further  extraction 
with  the  resulting  residue  gives  Fraction  IV,  and,  lastly,  with 
alcohol.  Fraction  V  is  obtained.  All  these  fractions  being  pre- 
pared, their  subdivision  and  purification  follows.  For  example, 
with  Fraction  II  the  ether  extract  is  dissolved  in  petroleum  ether, 
giving  an  insoluble  portion  A,  which  is  small  in  amount,  and  a 
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soluble  portion  B,  which  constitutes  the  major  part.  This  latter 
is  desiccated  and  redissolved  in  ether.  There  remains  then  an 
insoluble  part,  which  is  removed  by  the  centrifuge.  The  clear 
supernatant  solution  is  then  thrown  into  about  ten  times  its 
volume  of  acetone,  pure  and  free  from  any  acid,  and  allowed  to 
stand  in  the  refrigerator  24  hours.  At  the  end  of  this  time  an 
abundant  precipitation  will  be  found  in  the  bottom  of  the  recep- 
tacle, which,  when  filtered,  constitutes  portion  C.  The  acetone 
solution  is  concentrated  and  put  into  the  refrigerator,  giving, 
after  cooling,  a  yellowish  white  mass,  which  is  portion  D.  The 
remainder  of  the  acetone  solution,  which  has  passed  through  the 
filter,  is  then  completely  dried  and  the  precipitate  is  dissolved  in 
boiling  alcohol.  All  should  dissolve,  after  which  it  is  cooled  for 
24  hours,  giving  portion  E,  and  a  dissolved  portion  F.  Each  of 
these  fractions  (A,  B,  C,  D,  E,  and  F),  thus  isolated,  is  far  from 
being  considered  as  chemically  pure  and  each  must  be  dissolved 
in  petroleum  ether,  ordinar}-  ether,  cold  alcohol,  and  finally  in 
warm  alcohol.  There  is  obtained  by  this  means  the  series  a,  b,  c, 
d  of  the  corresponding  substances.  The  same  procedure  is  gone 
through  with  Fractions  III,  IV  and  V.  Each  fraction  was  tested 
upon  animals,  and  only  those  which  produced  a  rapid  growth  of 
the  uterus  were  considered  "active." 

Thus  it  will  be  seen  from  the  careful  and  painstaking  work 
of  Iscovesco  that  when  an  extract  of  the  ovary,  corpus  luteum 
or  of  the  placenta  is  used  in  laboratory  experiments  or  in  the 
clinic,  care  must  be  exercised  in  obtaining  the  active  fraction  of 
the  extract  or  the  vital  part  of  the  organ  may  be  left  behind  on 
the  filter  paper  and  thrown  away.  Concerning  the  physiological 
action  of  these  fractional  extracts  of  Iscovesco  and  the  results 
obtained  by  him  in  the  laboratory  and  in  the  clinic,  no  mention 
will  be  made.  Those  interested  in  this  part  of  his  work  may 
consult  his  recent  articles  in  literature. 

According  to  his  technique,  outlined  above,  the  "active  sub- 
stance," which  he  describes  as  "11  F.  b.,"  might  briefly  be  con- 
sidered as  an  ether  extract  of  the  desiccated  organ  (ovary), 
soluble  in  acetone  (at  ordinary  temperature),  having  further 
been  purified  by  boiling  alcohol,  concentration  and  extraction 
with  petroleum  ether.  The  other  substance,  V.  D.  c,  appears  to 
have  been  obtained  from  the  residue  remaining  after  treating 
first  with  alcohol,  then  with  ether,  then  with  acetone,  followed 
by  chloroform,  and  finally  with  alcohol  again.  This  alcohol 
soluble  substance  is  then  presumably  purified  by  solution  in 
petroleum  ether,  resolution  in  ether  and  precipitation  by  acetone 
and    in    turn    further   purified    by    solution    in   petroleum    ether. 
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ordinary  ether  and  cold  alcohol.  The  substance  then  is  acetone 
insoluble,  whereas  his  previous  substance  II  F.  b.  is  soluble  in 
acetone. 

Herrmann  followed  the  plan  of  Iscovesco  in  the  preparation 
of  ovarian  and  placental  extracts  and  published  his  article  early 
in  1915.  Herrmann  believes  that  he  has  succeeded  in  separating 
the  "active  substance"  of  the  corpus  luteum  and  of  the  placenta 
as  a  specific  chemical  substance.  He  attempted  to  prove  tliis 
clinically  and  on  animals.  Many  colored  figures  are  appended 
to  his  article  and  his  results,  if  true,  show  wonderful  changes 
from  only  a  few  doses  of  his  so-called  "active  principle." 

His  method  of  extraction,  while  not  identical  with  that  of 
Iscovesco,  given  above,  will  not  be  described  in  toto  at  this  time. 
He  was  able  to  obtain  three  fractions  by  his  method,  and  these 
were  further  purified  by  distillation  and  tested.  It  was  found 
that  the  so-called  middle  run  produced  a  thickly  viscous  body, 
which  represents,  as  he  believes,  the  real  active  principle  of  the 
ovary.  This  active  substance,  as  further  described  by  Herr- 
mann, is  a  yellowish  glistening  oil,  which  is  solidified  by  cooling, 
but  otherwise  remains  thickly  viscous.  It  gives  a  very  decided 
cholesterin  reaction.  It  becomes  brown  when  exposed  to  the  air, 
apparently  by  taking  up  oxygen,  and  is  composed  of  three  ele- 
ments, carbon,  hydrogen,  and  oxygen.  The  body  is  a  cholesterin 
derivative.  It  is  soluble  in  alcohol,  ether,  petroleum,  ether, 
acetone  and  benzol,  but  is  insoluble  in  water. 

Herrmann  found  the  same  active  substance  with  identical 
physiological  properties  in  the  placenta,  as  well  as  in  the  corpus 
luteum.  However,  one  placenta  contains  more  of  the  active 
substance  than  one  corpus  luteum.  The  method  of  preparation 
is  the  same  in  both  cases. 

Seitz,  Wintz  and  Fingerhut  found  that  the  corpus  luteum 
contained  two  "bodies."  One,  which  they  designated  as  "luteo 
lipoid,"  has  an  inhibitory  action  on  the  blood  and,  injected  sub- 
cutaneously,  before  and  during  the  menses,  lessens  the  flow  and 
shortens  it.  The  other  body  they  call  "lipamin,"  soluble  in  water, 
a  luteo  lipoid  or  lecithin-albumin,  which  causes,  when  injected 
into  animals,  an  increased  growth  of  the  genitalia.  Subcuta- 
neously  injected  in  women,  it  causes  the  appearance  of  the  menses 
in  cases  of  amenorrhea.  "Luteo  lipoid"  and  "lipamin"  are 
antagonistic  bodies  and  regulate  the  course  of  the  menses.  Their 
method  of  extraction  is  given  in  an  indefinite  sort  of  way.  They 
obtain  the  various  lipoid   fractions  by  extraction  with   alcohol, 


159 

chloroform,  ether  and  acetone.  By  later  evaporation,  redissolv- 
ing  and  extraction  they  obtained  the  two  antagonistic  bodies 
mentioned  above. 

A  hasty  review^  of  the  methods  of  these  research  workers 
(Iscovesco,  Herrmann,  Seitz  et  al.)  shows  that  they  all  used 
practically  the  same  method  of  extraction  and,  as  far  as  can  be 
gleaned  from  their  clinical  and  experimental  reports,  they  arrived 
at  about  the  same  results.  However,  the  difference  may  be  due 
to  the  fact  that  Herrmann  obtained  his  so-called  active  substance 
in  a  purer  state.  These  investigators  at  least  used  a  certain 
definite  method  of  extraction  and  their  resulting  products  could 
be  tested  experimentally  and  clinically  with  a  view  of  producing 
certain  definite  physiological  and  anatomical  results. 

Other  workers,  who  have  reported  results  obtained  with 
ovarian  or  placental  extracts,  have  been  too  prone  to  give  the 
clinical  results  secured  with,  what  they  loosely  call,  an  "extract." 
This  may  be  an  aqueous,  alcoholic  or  ethereal  extract  or,  as  often 
happens,  it  is  not  an  extract  at  all  but  simply  the  dried  gland  in 
the  form  of  a  desiccated  powder.  It  should  be  clearly  borne  in 
mind  that  the  kind  of  extract  must  be  mentioned  if  the  work  is 
to  prove  of  any  value  to  others.  A  qualifying  adjective  such  as 
"ethereal,"  "aqueous,"  if  properly  employed,  may  sufficiently 
designate  the  method  of  preparation.  Not  only  is  uniformity  of 
preparation  desirable,  but  some  form  of  standardization  of  the 
resulting  products  is  necessary  to  obtain  extracts  of  the  same 
strength  and  action.  Many  of  the  failures  to  produce  the  desired 
effect  are  due  to  a  lack  of  proper  standardization  of  an  otherwise 
perfect  product. 

In  order  to  perfect  a  proper  preparation  and  later  a  suitable 
method  of  standardization,  some  research  work  was  undertaken 
by  the  writer  during  the  last  two  years.  Up  to  the  present  time 
it  can  definitely  be  stated  that  no  ideal  method  of  preparation  has 
been  formulated  and,  until  that  is  accomplished,  the  standardiza- 
tion of  the  product  will  not  be  attempted.  Various  forms  of 
extracts  of  ovary,  of  corpus  lutcum,  of  the  ovary  minus  the 
corpus  luteum  (ovarian  residue)  have  been  made  by  exact  chem- 
ical methods  and  the  resulting  extract  tried  on  animals.  The 
results  have  all  been  negative.  One  extract,  a  powder  soluble  in 
water,  has  been  obtained  and  clinically  it  has  seemed  to  be  active 
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in  some  conditions,  /.  c,  disturbances  of  the  artiticial  or  the 
physiological  menopause.  But,  in  this  connection,  the  results 
are  too  vague,  ephemeral  and  transitory  ;  hence  conclusions  drawn 
therefrom  do  not  have  much  value. 

For  example,  a  few  ampoules  of  the  soluble  extract  are  given 
or  sent  to  Doctor  A.,  with  the  request  that  he  try  its  action  upon 
the  disturbances  of  the  menopause  when  a  suitable  case  presents 
itself.  Later  Doctor  A.  has  a  patient  who  "says"  that  she  is 
suffering  from  "flashes  of  heat,"  "insomnia,"  etc.  Doctor  A. 
makes  an  examination  and  finds  no  pelvic  patholog}^  But  upon 
the  statement  of  the  patient  he  injects  an  ampoule  of  the  soluble 
corpus  luteum.  In  a  day  or  two  he  repeats  the  injection.  After 
a  few  injections  Doctor  A.  "asks"  the  patient  if  she  is  feeling 
better,  and  the  patient,  not  wishing  to  offend  Doctor  A.,  or 
thinking  that  she  does  feel  better,  answers  in  the  affirmative. 
Doctor  A.  continues  the  treatment  and  later  reports  this  case  as 
one  cured. 

Results,  based  upon  the  statement  of  the  patient,  must  be 
considered  with  extreme  care.  Yet  that,  practically,  today  is  all 
the  data  upon  which  judgment  can  be  passed  as  to  whether  a 
preparation  or  extract  of  the  ovary  has  any  therapeutic  action. 
There  are  many  factors  in  the  preparation  of  an  extract  which 
may  have  an  important  bearing  upon  its  therapeutic  activity,  such 
as  the  freshness  of  the  material,  the  purity  of  the  chemicals, 
proper  temperature,  avoidance  of  very  high  or  very  low  degrees 
of  heat  or  cold.  Variations  in  all  or  any  of  these  may  tend  to 
render  the  resulting  extract  inert  or  cause  it  to  produce  results 
that  are  due  to  faulty  preparation. 

In  this  connection  mention  will  be  made  of  Rosenheim,  who 
reported  his  work  on  the  pressor  principles  of  placental  extracts. 
Rosenheim  was  attempting  to  confirm  the  work  of  Dixon  and 
Taylor,  who  claimed  that  alcoholic  extracts  of  human  placenta 
contained  substances  which,  on  intravenous  injection,  produced  a 
rise  of  the  blood-pressure  and  a  contraction  of  the  pregnant 
uterus. 

Dixon  and  Taylor's  method  of  preparing  these  extracts  con- 
sisted in  mincing  fresh  human  placenta,  covering  it  with  absolute 
alcohol  and  filtering  after  some  time.  The  filtrate  was  evap- 
orated and  again  taken  up  with  absolute  alcohol.  The  residue 
of  the  last  extract,  dissolved  in  saline  solution,  was  injected 
intravenously.      Rosenheim  thought  that  the  effect  of  the  injec- 
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svibstance.  Trying  to  prove  this,  he  found  that  the  active  prin- 
ciple was  not  identical  with  adrenalin.  Rosenheim  made  alcoholic 
extracts  in  several  ways,  and  found  that  the  normal  human  pla- 
centa did  not  contain  any  pressor  principle.  Next  he  made  three 
different  extracts,  as  follows :  In  the  first  the  fresh  minced 
placenta  was  barely  covered  with  alcohol  to  allow  putrefaction 
to  take  place ;  in  the  second  the  fresh  minced  placenta  was  shaken 
up  with  one  liter  of  saline  solution  saturated  with  chloroform 
and  kept  for  four  days  at  room  temperature ;  and  in  the  third, 
the  fresh  minced  placenta  was  mixed  with  absolute  alcohol  (1000 
c.c.  of  minced  material  to  one  liter  of  absolute  alcohol).  Rosen- 
heim found  that  the  first  extract  (above)  contained  a  strong 
pressor  principle,  while  the  second  and  third  did  not,  or,  to  quote 
his  table : 

COXDITIONS   OF   EXPERIMENT.  RESULT. 

A.  (No.  1  p.bove)   Extract  after  free  putrefaction.  Strong  pressor  elfect. 

B.  (No  2   above)    Extract  after  autolysis  alone.  Total  absence  of  pressor  effect. 

C.  (No.   3   above)   Extract   of  fresh  organ.  Total  absence  of  pressor  effect. 

Rosenheim  was  later  able  to  identify  this  pressor  principle  of 
Dixon  and  Taylor  as  belonging  to  the  amines  and  it  probably  is 
derived  from  the  amino  acids  (leucine  and  tyrosine),  the  cleavage 
products  of  proteins. 

Barger  and  Walpole  came  to  practically  the  same  conclusions 
in  their  work  upon  putrid  meat,  i.  e.,  that  it  contains  a  pressor 
principle. 

Five  extracts  of  the  placenta  were  prepared  by  the  writer  and 
their  action  tested  on  the  blood-pressure  and  upon  the  isolated 
uterus,  as  well  as  by  injection  into  animals  (rabbits).  These 
extracts  were  prepared  as  follows : 

Number  one  was  an  aqueous  extract  obtained  by  exposing 
the  minced  placenta  to  distilled  water,  slightly  acidulated.  The 
resulting  fluid  was  boiled  with  acetic  acid  to  precipitate  the 
coagulated  proteins,  filtered,  evaporated  and  distilled  water  added 
to  bring  it  up  to  its  original  volume.  This  solution  was  passed 
through  a  Berkfeldt  filter  and  filled  into  1  c.c.  sterile  ampules. 

Number  two  was  obtained  by  placing  in  a  wide-mouthed 
bottles  725  gm.  of  minced  placenta  pulp.  This  mixture  was 
allowed  to  stand  at  room  temperature  for  four  days,  loosely 
corked.  Then  725  c.c.  sterile  distilled  water  added,  mixed  and 
filtered  and  the  filtrate  boiled  with  acetic  acid.  This  was  filtered 
while  hot,  and  the  filtrate  cooled  and  evaporated  to  more  than 
one-half  its  volume.     Sterile  distilled  water  was  added  to  bring 
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the  amount  up  to  725  c.c,  the  original  volume.  This  latter  was 
next  passed  through  a  Berkfeldt  filter  and  filled  into  1  c.c.  sterile 
ampules. 

Number  three  was  prepared  by  taking  400  gm.  of  minced 
placental  pulp  and  adding  to  it  400  c.c.  of  normal  salt  solution, 
saturated  with  chloroform.  This  was  loosely  corked  and  allowed 
to  stand  at  room  temperature  for  four  days.  It  was  then  filtered 
and  the  filtrate  boiled  with  acetic  acid  to  precipitate  the  coagu- 
lated proteins.  This  was  again  filtered  while  hot,  cooled  and 
evaporated  to  less  than  one-half  its  volume.  Sterile  distilled 
water  was  added  to  bring  the  amount  up  to  400  c.c,  the  original 
volume.  It  was  then  passed  through  a  Berkfeldt  filter  and  filled 
into  1  c.c.  sterile  ampules. 

Number  four  was  prepared  by  adding  400  c.c.  of  absolute 
alcohol  to  400  gm.  of  minced  placental  pulp.  This  was  allowed 
to  stand  for  some  time  at  room  temperature  in  bottle  loosely 
corked.  Then  tlie  whole  was  filtered,  the  filtrate  boiled  with 
acetic  acid,  filtered  through  paper  and  evaporated  to  less  than 
half  of  its  volume.  Sterile  distilled  water  was  added  to  make 
400  c.c,  the  original  amount.  This  was  passed  through  a  Berk- 
feldt filter  and  filled  under  sterile  conditions  into  1  c.c.  sterile 
ampules. 

Extract  number  five  was  made  by  taking  about  500  gm.  of 
minced  placental  pulp,  which  was  placed  in  a  large-mouthed 
bottle.  This  was  allowed  to  stand  in  the  incubator,  loosely 
corked,  for  several  days.  The  mixture  was  shaken  every  two 
or  three  days.  Then  it  was  filtered  and  treated  as  the  others 
(Nos.  1-4)  and  filled  into  sterile  1  c.c.  ampules. 

These  five  extracts  were  submitted  to  Mr.  L.  W.  Rowe  to 
be  tested  on  the  isolated  uterus  of  the  guinea-pig  and  upon  the 
blood-pressure  of  a  chloretonized  dog.  Mr.  Rowe  reported  as 
follows :  All  five  extracts  contracted  the  isolated  uterus  of  the 
virgin  guinea-pig,  when  administered  in  sufficient  quantity.  About 
0.25  c.c.  of  the  undiluted  sample  was  necessary  in  each  case  to 
produce  an  appreciable  contraction.  The  action  of  number  five 
(5)  and  number  two  (2)  seemed  a  little  stronger  than  that  of 
the  others,  and  this  was  due  to  the  fact  that  these  extracts  were 
partly  decomposed.  All  meat  extracts  wall  contract  the  isolated 
uterus  if  they  are  sufHciently  concentrated,  and  this  action  is 
more  marked  if  decomposition  or  partial  decomposition  has 
taken  place. 

The  effect  of  these  extracts  upon  the  blood-pressure  was  not 
very  marked  nor  characteristic.     In  most  instances  the  blood- 
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pressure  fell  slightly,  but  this  was  more  marked  with  number 
five  (5),  which  action  was  no  doubt  due  to  the  very  evident 
decomposition  of  this  sample.  The  results  of  these  tests  indicate 
that  placental  extracts  do  not  contain  a  pressor  or  marked 
oxytocic  principle. 

The  action  of  these  extracts  (Nos.  l-o)  upon  animals,  when 
injected  intraperitoneally,  w^as  negative.  A  large  number  of 
injections  produced  no  macroscopic  effect  upon  the  internal  or 
external  genitalia  of  the  animals  injected.  There  was  no  ana- 
tomical difference  between  them  and  the  control  animals. 

From  a  review  of  the  more  recent  literature,  from  the  animal 
experiments  thus  far  undertaken  with  extracts  of  the  corpus 
luteum,  ovary  and  placenta,  and  from  the  different  methods  em- 
ployed in  making  these  extracts,  the  following  conclusions  seem 
justifiable. 

1.  A  more  uniform  method  of  preparing  extracts  must  be 
instituted. 

2.  Some  method  for  the  standardization  of  these  extracts 
must  be  discovered,  in  order  to  facilitate  the  comparison  of  the 
results  of  the  different  laboratory  workers  and  clinicians. 

3.  Many  results  obtained  in  the  laboratory  or  in  the  clinic 
are  due  to  the  faulty  preparation  of  extracts. 

4.  The  isolation  of  the  active  principle  of  the  ovary  and  the 
placenta  will  clear  up  many,  if  not  all,  of  these  mooted  points. 
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AMiile  the  parasites  of  the  dog  are  of  general  interest,  they 
are  of  particular  interest  to  the  veterinarian.  The  dog  is  one  of 
the  animals  which  come  to  our  attention  as  patients,  and  para- 
sitic infestations  constitute  a  number  of  the  complaints  we  are 
called  on  to  treat.  In  our  scientific  work  they  serve  as  admirable 
experiment  animals,  and  their  response  to  treatment  is  so  similar 
to  the  human  response  that  our  findings  in  regard  to  dogs  are 
very  readily  applied  to  similar  conditions  in  man ;  the  dog  has  a 
digestive  tract,  food  habits,  responses  to  drugs  and  emotional 
responses  very  similar  in  most  respects  to  those  in  man.  Finally, 
dogs  have  certain  good  and  certain  bad  qualities  which  concern 
us  as  individuals.  Their  good  qualities  make  them  valuable  as 
companions,  hunters,  sheep  dogs,  watch  dogs,  etc.  Their  bad 
qualities  make  them  objects  of  suspicion  or  condemnation  as 
sheep  killers,  as  destroyers  of  flower  beds,  as  defilers  of  streets, 
sidewalks,  and  even  foodstuffs,  and  as  carriers  of  parasites  and 
disease. 

That  the  dog  is  of  real  importance  as  a  carrier  of  parasites 
and  disease  is  something  that  is  only  beginning  to  be  realized.  Of 
late  we  have  been  centering  our  attention  on  the  louse,  the  fly  and 
the  mosquito  as  carriers  of  disease,  but  we  must  realize,  and 
doubtless  will  in  time,  that  the  fly's  capacity  for  carrying  trouble 
into  the  homes  of  careful  and  intelligent  people  is  probably  less 
than  the  capacity  of  the  dog  who  leaves  that  home  by  day  or 
night  to  wander  in  Heaven  knows  what  filthy  and  germ-laden 
surroundings,  to  consort  with  other  dogs,  themselves  diseased,  and 
from  homes  where  there  arc  diseased  persons  and  diseased  ani- 
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mals,  and  finally  to  come  home  to  cuddle  up  on  the  foot  of  the 
children's  bed,  to  take  a  nap  on  the  couch  pillows,  where  pres- 
ently the  head  of  the  dog's  master  or  mistress  or  child  playmate 
will  rest,  or  to  thrust  his  nose  into  a  welcoming  hand  or  a  friendly 
face  to  receive  or  bestow  caresses.  We  have  learned  to  welcome 
the  fly  with  a  swatter ;  perhaps  we  will  learn  to  welcome  our  pet 
dog,  after  he  has  been  out  for  a  day's  hike  or  a  night's  debauch, 
by  prompt  immersion  in  a  bath  of  adequate  germicidal  and  in- 
secticidal  character.  The  rat  and  the  rat-flea,  the  combination 
that  keeps  the  human  race  in  danger  and  dread  of  bubonic  plague, 
are  being  met  with  rat-proof  buildings,  rat-killing  campaigns,  and 
rat  guards  and  fumigation  for  ships,  and  legislators  are  making 
liberal  appropriations  to  carry  out  these  measures.  Fortunately, 
this  campaign  meets  with  no  opposition  from  any  body  of  per- 
sons claiming  to  be  lovers  of  rats.  Unfortunately,  the  campaign 
to  put  the  vagrant,  worthless  cur  and  the  carrier  of  rabies  in  the 
same  category  as  the  typhoid  fly  and  the  plague-bearing  rats 
meets  with  a  considerable  opposition  from  persons  who  love  good 
dogs,  poets  who  write  verses  to  the  constancy  of  the  yellow  cur, 
and  zoophiles  who  would  sacrifice  the  welfare  of  the  human  race 
to  conserve  the  supposed  welfare  of  the  lower  animals. 

How  general  is  the  growing  interest  in  the  dog  as  a  carrier 
of  disease  may  be  judged  from  a  few  facts: 

The  British  Medical  Journal  of  July  15,  1916,  had  an  edi- 
torial entitled  'Tn  Dirty  Dogdom,"  which  says  in  part:  "The 
French  Council  of  Hygiene  devoted  the  greater  part  of  its  last 
session  to  the  consideration  of  the  public  dangers  associated  with 
the  inordinate  keeping  of  dogs  and  the  insufficient  control  exer- 
cised over  them.  In  the  first  place,  the  Council,  having  discussed 
at  length  the  *  *  *  recrudescence  of  rabies  *  *  *  deter- 
mined to  recjuire  that  the  measures  for  holding  the  disease  in 
check  should  be  most  strictly  applied.  Next,  Professor  Raphael 
Blanchard  undertook  to  prepare  a  report  on  the  dangers  of  dis- 
semination of  hydatid  disease  by  dogs  and  the  preventive  means 
which  should  be  taken.  Finally,  the  Council  adopted  a  resolu- 
tion urging  that  the  regulations  with  regard  to  the  municipal 
taxes  on  dogs  should  be  vigorously  applied. 

At  about  the  same  time,  the  Medical  Council  of  the  British 
Science  Guild  was  adopting  a  resolution  condemning  the  poUu- 
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tion  of  the  streets  of  London  and  of  most  cities  and  big  towns  by- 
dogs,  and  suggesting  to  the  government  and  municipaUties  that 
the  evil  might  be  reduced  by  increasing  the  tax  on  dogs  and 
enforcing  by-laws  *  *  *  In  towns  the  tax  on  dogs  should 
be  doubled,  and  a  large  progressive  increase  imposed  on  each 
additional  dog.  The  proposal  will  probably  have  the  cordial 
support  of  the  majority  of  retail  traders,  who  daily  suffer  loss 
owing  to  the  primitive  habits  of  the  little  darlings  that  the 
women  drag  about  with  them." 

In  this  country  the  U.  S.  Department  of  Agriculture  has 
issued  a  bulletin  (Hall,  1915)  dealing  wnth  the  dog  as  a  carrier 
of  parasites  and  disease,  and  the  sentiment  of  that  bulletin,  to 
the  efifect  that  dogs  should  be  given  reasonable  care  and  super- 
vision by  their  owners,  or  destroyed  if  they  have  no  owners,  has 
been  editorially  approved  by  the  Journal  of  the  American  Medi- 
cal Association  and  a  number  of  other  medical  and  non-medical 
publications.  Similar  papers,  asking  for  a  reasonable  control  of 
dogs,  have  appeared  in  various  places,  and  among  the  latest  papers 
of  the  sort  is  one  in  Public  Health,  published  by  the  Michigan 
State  Board  of  Health,  for  January,  1917,  under  the  heading 
"When  the  dog  becomes  a  nuisance."  In  the  paper  just  men- 
tioned, the  author  (Bush,  1917)  says  "Practically  every  dog  is 
loaded  with  intestinal  worms."  Which  brings  us,  finally,  to  our 
immediate  topic,  the  parasites  of  the  dog  in  Michigan. 

^^'hat  parasites  of  the  dog  are  found  in  ■Michigan  and  to  what 
extent  are  they  present?  These  questions  I  expect  to  answer, 
so  far  as  possible,  principally  from  post-mortem  examinations  of 
74  dogs  from  the  Detroit  city  pound,  covering  the  period  from 
October  1,  1916,  to  February  3,  1917.  I  have  made  only  a  hasty 
examination  of  the  literature  along  this  line  and  find  very  little 
published  covering  the  subject  for  the  State  of  Michigan.  While 
the  parasites  of  dogs  in  Detroit  for  the  season  mentioned  will 
give  a  fair  idea  of  conditions  in  general,  it  must  be  borne  in  mind 
that  there  will  be  certain  dift'ierences  between  city  dogs  and 
country  dogs,  and  dififerences  may  be  expected  in  degree  or  kind 
of  infestations  for  summer  and  winter,  north  and  south  Mich- 
igan, and  nearness  to  or  remoteness  from  bodies  of  water. 

Before  taking  up  a  consideration  of  the  internal  parasites  of 
the  dog,  just  a  word  in  regard  to  the  external  parasites.     There 
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has  been  ver}^  little  time  for  investigation  of  this  sort,  but,  on 
casual  observations  of  a  few  dogs,  we  have  found  one  heavily 
infested  vv^itli  lice,  both  the  biting  louse,  Trichodectes  latus,  and 
the  sucking  louse,  LinognatJms  piliferus  (Hacmatopimis  pilif- 
erus),  being  present,  the  biting  lice  being  much  the  more  numer- 
ous. Osborn  (1896)  says  of  the  sucking  louse:  "We  have  ex- 
amined many  dogs  in  quest  of  it,  but  only  a  single  specimen  so 
far  has  been  our  reward."  Herms  (1915),  on  the  other  hand, 
says :  "Although  other  observers  have  found  the  sucking  dog 
louse,  H.  piliferus  Burm.,  less  common  than  the  biting  dog  louse, 
the  writer  has  found  this  species  quite  as  common  in  California, 
if  not  relatively  more  abundant."  Prof.  Pettit,  Entomologist  at 
the  Michigan  Agricultural  College,  tells  me  that  he  has  not  found 
lice  at  all  common  on  dogs  in  Michigan,  the  biting  louse  being 
seen  more  often  than  the  sucking  louse.  We  found  one  dog 
plentifully  infested  with  the  common  dog  flea,  Ctenoccphalus 
canis,  and  doubtless  this  flea  is  plentiful  on  dogs  in  Michigan  as 
it  is  in  most  places.  We  did  not  find  any  ticks  on  dogs,  nor  any 
records  of  the  sort,  though  Hooker,  Bishopp,  and  Wood  (1912) 
published  a  map  of  the  United  States  on  which  Michigan  is 
shown  as  within  probable  range  of  the  common  American  dog 
tick,  Dermacentor  variabilis.  Prof.  Pettit  states  that  hunters  in 
Michigan  have  told  him  that  they  had  found  ticks  on  their  dogs 
in  this  state,  but  no  specimens  have  come  in  and  the  species  is, 
therefore,  uncertain.  The  demodectic  mange  mite,  Demodex 
folliculoruni  var.  canis,  occurs  in  IMichigan,  as  numerous  cases 
of  demodectic  mange,  reported  to  me  verbally  by  Dr.  Ferry  and 
Mr.  Rowe  at  Detroit,  and  by  Dr.  Ward  Giltner  and  Prof.  Pettit 
at  Lansing,  testify.  Sarcoptic  mange,  due  to  Sarcoptes  scabiei 
var.  canis,  probably  occurs  in  Michigan  as  elsewhere,  but  I  have 
not  yet  seen  any  cases  or  found  any  reports  of  this. 

Regarding  the  internal  parasites  of  the  dogs  examined,  a  few 
figures  may  be  given.  Of  103  dogs  that  came  into  our  hands, 
28  were  rejected  for  experiment  purposes  on  the  strength  of  a 
negative  fecal  examination  indicating  that  these  dogs  were  not 
infested.  This  does  not  necessarily  prove  that  these  dogs  had 
no  intestinal  parasites.  Worm  eggs  are  not  always  present  in 
the  feces  even  when  worms  are  present  in  the  intestines,  for  the 
worms  may  be  too  immature  to  pass  eggs,  or  they  may  be  all 
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males  (a  condition  I  have  seen  a  number  of  times),  or  the 
females  may  be  so  few  (and  we  have  several  times  seen  a  single 
female  of  a  given  species  present)  that  the  eggs  are  very  scarce 
and  are  not  found,  or  egg  production  may  be  inhibited  by  a  num- 
ber of  possible  conditions.  Dogs  with  negative  fecal  examina- 
tions were  occasionally  accepted  for  experiments  where  infesta- 
tion was  unnecessary,  and  were  later  found  to  have  light  infesta- 
tion. Of  the  74  dogs  examined  post-mortem,  67,  or  91  per  cent, 
were  found  to  have  internal  parasites.  In  other  words,  67  dogs 
out  of  102,  or  about  66  per  cent,  were  certainly  infected,  and 
since  some  of  the  rejected  28  dogs  would  be  found  to  have  some 
internal  parasites  if  examined  postmortem,  we  can  feel  sure  that, 
on  an  average,  more  than  two  out  of  three  Michigan  dogs  are 
infested  with  internal  parasites,  so  far  as  dogs  from  the  Detroit 
city  pound  are  indicative  of  conditions.  On  this  point  it  might 
be  said  that  the  pound  dogs  are  fairly  representative.  These  dogs 
represent  almost  all  breeds  except  the  toy  varieties,  though  of 
course  nearly  all  of  them  are  mongrel  or  at  least  not  pure  bred. 
Our  records  show  the  following:  Mongrels,  terriers,  rat-terriers, 
collies,  English  bulldogs,  hounds,  poodles,  bull-terriers,  mastiffs, 
spaniels,  cocker  spaniels,  dachshunds  and  mongrels  of  all  these 
breeds. 

Of  the  67  infested  dogs,  2  dogs,  or  3  per  cent,  were  infested 
with  coccidia.  So  far,  the  forms  I  have  examined,  apparently  the 
oocysts,  have  not  been  sufficiently  developed  to  warrant  even  a 
tentative  determination,  but  the  large  size,  36  to  40  ja  long  by  28 
to  33  M  wide,  precludes  the  idea  that  this  is  the  form  described 
from  the  dog  in  Europe  by  Stiles  under  the  name  of  Coccidium 
.bigeminum  (Diplospora  higcminum) ,  since  the  latter  species  and 
its  varieties  seem  to  attain  a  size  less  than  half  of  this,  so  far  as 
literature  is  available  to  me.  Regarding  the  pathogenicity  of 
these  coccidia  I  can  say  little.  One  dog  died  5  days  after  coming 
into  our  possession.  This  dog's  liver  was  light  colored,  apparently 
due  to  some  degeneration,  but  showed  nothing  suggestive  of  tlie 
condition  present  in  hepatic  coccidiosis  of  rabbits.  The  imme- 
diate cause  of  death  was  an  intussusception  of  the  ileum  into  the 
.  colon  by  way  of  the  ileocecal  valve,  with  a  resultant  hemorrhage 
that  filled  the  cecum  and  colon  with  blood.  A'arious  coccidial 
stages  were  found  in  scrapings  of  the  mucosa  of  the  small  intes- 
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tine.  The  other  dog  showed  a  temperature  of  101°  to  101.5° 
and  was  bright  and  active  for  six  days ;  the  next  day  the  tempera- 
ture was  103.5°,  the  next,  98.8°,  the  next,  95°,  falhng  to  94.5°; 
the  next  day  the  dog  was  found  dead.  The  hver  showed  no 
evidence  of  coccidiosis,  and  the  coccidian  is  evidently  an  intestinal 
form,  so  far  as  our  evidence  goes.  This  dog  had  been  under 
experimental  treatment  to  test  the  efficacy  of  treatments  designed 
to  kill  the  coccidia.  The  number  of  coccidia  present  in  the 
feces  did  not  appreciably  diminish  during  the  short  period  of 
treatment,  but  it  appears  from  the  gastro-enteritis  found  on  post- 
mortem that  the  treatment  or  the  combined  effect  of  the  treat- 
ment and  the  coccidiosis  killed  the  dog. 

Of  the  tapeworms  found  in  the  dog  at  Detroit,  the  most  com- 
mon are  species  of  Dipylidhun.  Of  the  67  infested  dogs,  31,  or 
46  per  cent,  were  infested  with  Dipylidium,  the  worms  being 
present  in  numbers  from  1  to  205.  One  of  these  species  is  the 
form  commonly  reported,  Dipylidium  caninum.  The  other  is 
Dipylidium  scxcoronatum.  This  latter  species  has  never  been 
reported  from  the  United  States  before.  In  Detroit,  it  seems  to 
be  more  common  than  D.  caninum.  I  have  also  found  it  in  the 
dog  at  Bethesda,  Md.,  near  Washington,  D.  C.  I  venture  to 
surmise  that  a  careful  examination  of  specimens  of  the  double- 
pored  tapeworm  from  dogs,  commonly  reported  as  D.  caninum, 
will  show  a  large  proportion  to  be  D.  scxcoronatum. 

It  might  be  noted  that  Dipylidium  caninum  has  been  reported 
as  a  parasite  of  man  about  80  times,  3  of  the  records  being 
American.  In  one  of  these  cases,  reported  by  Stiles  (1903),  the 
worm  was  passed  by  a  16  months  old  child  in  Detroit. 

Joyeux  (1916)  has  recently  demonstrated  that  fleas,  Ctcno- 
cephalus  cants  and  Pulcx  irritans,  become  infested  with  the  inter- 
mediate stage  of  Dipylidium  while  in  the  larval  stage,  the  adult 
flea  being  unable  to  ingest  the  egg  of  Dipylidium. 

Of  the  67  infested  dogs,  4  dogs,  or  6  per  cent,  were  infested 
with  tapeworms  of  the  genus  Tccnia.  In  two  cases  there  was  1 
specimen  of  Tccnia  hydatigena  (T.  niarginata)  present,  indicating 
that  the  dogs  had  fed  on  offal  of  sheep,  cattle  or  swine  infested 
with  Cysticcrcus  tenidcolUs,  the  thin-necked  bladder-worm  com- 
monly found  in  the  omentum  and  mesenteries  of  these  animals. 
In  the  other  two  cases  there  were,  respectively,  1  spechnen  and  3 
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specimens  of  Tccnia  pisifonnis  (T.  scrrafa),  indicating  that  the 
dogs  had  fed  on  offal  of  rabbits  infested  with  Cysticercus  pisi- 
fonnis, the  bladder-worm  commonly  found  in  th<'.  body  cavity  of 
rabbits.  Prof.  Pettit  has  specimens  of  this  parasite  collected 
from  the  cottontail  rabbit,  probably  Sylvilagus  floridanus 
mearnsii,  around  Lansing,  and  I  have  seen  the  same  parasite  in 
the  cottontail,  probably  the  same  species,  purchased  in  the  market 
at  \\'indsor,  Canada,  opposite  Detroit.  This  bladder-worm  and 
its  tapeworm  are  probably  common  in  Michigan  as  they  are  in 
most  places.  I  noted  (Hall,  1910)  in  a  paper  on  the  genus 
Miilficcps  (the  tapeworms  having  a  coenurus,  a  thin  walled  blad- 
der-worm with  numerous  heads  instead  of  one,  for  an  interme- 
diate stage)  that  there  was  in  the  collection  of  the  Bureau  of 
Animal  Industry,  at  Washington,  D.  C,  a  specimen  of  Midticeps 
scrialis  collected  from  the  rabbit  in  Michigan  in  1904.  This  is 
the  species  which  occurs  as  a  ccenurus  in  the  connective  tissue  of 
the  rabbit  and  other  rodents,  sometimes  forming  large  swellings 
under  the  skin.  The  corresponding  tapeworm  occurs  in  the  dog, 
and  it  is  probable  that  this  species  occurs  in  the  dog  in  Michigan. 

Regarding  the  presence  of  other  dog  tapeworms  in  the  State 
of  Michigan,  I  have  no  positive  information,  but  there  are  some 
surmises  that  may  be  made. 

The  gid  tapeworm,  Midticeps  iindticeps  (Tcoiia  ccrnurus), 
has  never  been  recorded  from  Michigan.  The  larval  stage,  or 
coenurus,  of  this  worm  was  reported  from  ^Michigan  in  the  Amer- 
ican Shepherd's  Bulletin  in  1903,  the  veterinary  editor  diagnosing 
a  case  in  two  imported  rams  on  the  very  characteristic  symptoms 
given  by  a  correspondent.  Everything  indicates  that  the  disease 
w^as  imported  and  that  Alichigan  has  been  and  is  free  from  gid. 

Dr.  Shafter  of  the  U.  S.  Bureau  of  Animal  Industry  at 
Detroit  tells  n^.e  that  hydatids,  the  thick-walled  echinococcus  cysts, 
are  occasionally  found  in  meat  inspection  of  swine  which  may  be 
of  Michigan  origin.  Should  these  hydatids  be  found  to  occur  in 
Michigan  hogs,  it  would  indicate  that  the  corresponding  tape- 
worm giving  rise  to  this  very  important  larval  tapeworm  is  pres- 
ent in  Michigan. 

The  broad  tapeworm,  DipJiyUohothrinm  latum  {Dibothrio- 
cepJialiis  latus),  which  is  a  parasite  of  dogs  as  well  as  of  man, 
has  been  reported  from  man  in  Michigan  by  Hagelstam  (1896). 
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His  case  occurred  in  a  native  of  Finland  and  was  probably  im- 
ported. However,  this  parasite  has  been  found  in  persons  who 
have  never  been  outside  of  the  United  States,  and  Nickerson  has 
found  the  larvae  of  this  worm  in  fish  caught  in  the  Great  Lakes. 
It  is,  therefore,  quite  possible  that  this  tapeworm  may  be  found, 
sooner  or  later,  in  Michigan  dogs. 

As  regards  the  flukes  in  Michigan  dogs,  I  do  not  find  any 
records.  However,  the  lung  fluke,  Paragoniiiiiis  kcllicotti,  which 
occurs  in  dogs,  cats  and  hogs  in  the  United  States,  has  been 
reported,  under  the  name  of  Distoina  westcrnianni  (Paragoni- 
viiis  7vcstcrnian}ii),  from  the  cat  in  Michigan  by  Ward  (1894). 
It  is  quite  likely  that  this  fluke  occurs  at  times  in  Michigan  dogs. 

Among  the  nematode  parasites  of  the  dog  in  Michigan,  the 
commonest  is  the  ascarid.  Of  our  G7  infested  dogs,  47,  or  70 
per  cent,  were  infested  with  from  1  to  100  ascarids.  In  other 
words,  of  103  dogs,  47,  or  46  per  cent,  were  infested  with  ascarids 
on  the  basis  of  post-mortem  examination  or  fecal  examination. 
Allowing  for  the  limitations  of  fecal  examination,  it  may  be  con- 
fidently asserted  that  half  of  the  dogs  in  Michigan  are  infested 
with  ascarids,  if  the  Detroit  figures  are  indicative  of  conditions, 
as  they  probably  are.  This  is  a  higher  figure  than  I  find  reported 
for  Denmark,  Iceland,  Australia,  Germany,  or  elsewhere  in  this 
country. 

All  of  the  worms  that  I  have  examined  have  been  Belascaris 
iiiarginata,  which  is  also  the  common  form  at  Washington,  D.  C. 
The  other  species,  Toxascaris  limhata,  is  apparently  the  less  com- 
mon form  in  this  country.  These  worms  are  normally  parasitic 
in  the  small  intestines,  but  are  occasionally  found  in  the  stomach, 
a  condition  which  commonly  leads  to  their  being  vomited.  They 
are  an  important  pest  of  dogs,  and  are  often  held  responsible  for 
fits  in  pups.  It  is  quite  likely  that  they  are  often  responsible,  as 
these  large  active  worms  in  the  intestines  give  rise  to  consider- 
able irritation  and  at  times  quite  surprising  reflexes.  Ascarid 
worms  are  notorious  for  their  wandering  habits,  often  entering 
the  bile  duct,  pancreatic  duct,  cecum,  and  stomach,  and  occasion- 
ally coming  up  the  esophagus,  and  down  the  trachea,  or  into  the 
eustachian  tube.  These  conditions,  commonly  reported  for  man 
and  for  hogs,  are  apparently  rare  in  dogs,  and  I  have  never  seen 
the  ascarid  outside  of  the  stomach  or  small   intestines,  except 
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when  passing  out  via  the  large  intestine.  One  of  these  ascarids, 
Toxascaris  limhata,  has  been  reported  a  number  of  times  from 
man,  due  to  too  friendly  intimacy  between  man  and  dog  and  dis- 
regard of  hygienic  precautions. 

Galli-Valerio  (1915)  says  that  he  has  confirmed  the  work  of 
Dorbernecker  in  finding  evidence  of  blood  in  ascarids,  the  blood 
being  demonstrated  by  spectroscopic  methods.  He  regards  this 
as  evidence  that  ascarids  are  blood  suckers.  This  is  not  wholly 
conclusive.  According  to  Garin,  ascarids  feed  on  epithelial 
cells,  and  the  evidence  of  common  observation  and  of  the  morph- 
ology of  the  ascarid's  mouth  should  absolve  it  from  the  claim 
that  it  is  a  blood  sucker  in  the  ordinary  sense  of  the  word.  Re- 
cently an  ascarid  which  I  collected  from  the  feces  of  a  dog 
showed  a  pronounced  red  color  in  the  intestine,  evidently  due  to 
blood.  But  a  postmortem  examination  of  the  dog  the  same  day 
showed  the  presence  of  a  severe  hemorrhagic  enteritis.  This  was 
evidently  the  explanation  for  the  blood  in  the  ascarid  in  this  case. 
Something  of  the  same  sort  may  have  been  the  explanation  in 
the  cases  of  Dorbernecker  and  Galli-Valerio.  In  other  words, 
ascarids  will  doubtless  ingest  blood  as  well  as  epithelial  cells  or 
other  things,  without  being  true  blood  suckers.  The  ascarids  may 
occasionally  lacerate  the  intestinal  mucosa,  and  we  know  that 
arcarids  occasionally  perforate  the  intestinal  wall,  and  in  so  doing- 
it  is  likely  that  they  ingest  some  blood.  But  this  must  be  regarded 
as  exceptional ;  and  before  regarding  the  ascarid  as  a  blood 
sucker,  it  should  be  demonstrated  that  ascarids  in  general  show 
the  presence  of  host  blood. 

In  another  paper  (Hall,  1917)  I  have  recorded  some  experi- 
ments on  the  longevity  of  ascarids  outside  of  the  body  of  the 
host.  Wharton  (1915)  kept  the  ascarids  of  man,  Ascaris  Iiimbri- 
coides,  alive  in  Kronecker's  solution  (normal  salt  solution  to 
which  O.OG  gram  of  sodium  hydroxide  per  liter  is  added)  for  G 
to  12  days.  At  Detroit  we  have  kept  dog  ascarids,  Bclascaris 
marginala,  alive  in  this  solution  for  1-1  days.  The  ascarid  of  the 
pig,  Ascaris  suiiin,  I  have  kept  alive  in  Kronecker's  solution  for 
26  days,  and  in  normal  salt  solution  for  15  days.  In  the  paper 
mentioned,  I  have  pointed  out  the  bearing  of  these  facts  on  the 
action  of  anthelmintics.  It  is  believed  by  many  veterinarians, 
physicians   and   laymen   that   when   a   worm-infested   patient   is 
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fasted  for  12  to  24  hours,  the  worms  become  hungry  and  will 
eagerly  ingest  an  anthelmintic,  especially  if  administered  in  what 
is  regarded  as  a  palatable  vehicle.  It  will  be  evident  that  a  worm 
that  can  live  2  or  3  weeks  or  longer  on  such  an  innutritious  diet 
as  Kronecker's  solution,  will  suffer  little  for  12  hours  spent  in 
feeding  on  its  customary  diet,  the  epithelial  cells,  in  the  warm 
intestinal  tract  of  its  host.  Of  course,  the  fasting  preliminary 
to  anthelmintic  treatment  is  valuable  since  it  removes  much  of 
the  bulky  food  that  might  protect  the  worm. 

Next  in  number  of  infestations  to  the  ascarids  are  the  whip- 
worms, in  numbers  from  1  to  33.  They  are  the  whiplike  worms 
which  occur  in  the  cecum  usually,  with  the  slender  anterior  end 
sewed  into  the  mucosa.  It  has  been  supposed  that  the  penetra- 
tion of  this  unarmed  head  into  the  mucosa  is  effected  by  the 
solvent  action  of  some  secretion.  Its  pathological  importance  in 
dogs  does  not  appear  to  be  very  great  as  a  rule.  The  whipworm, 
Trichuris  dcpressiiiscula,  was  present  in  28,  or  42  per  cent,  of 
our  67  infested  dogs. 

The  next  most  common  parasite  in  our  series  of  dogs  was 
the  hook-worm,  Ancylostoma  caninuui.  This  was  present  in  23 
of  our  67  infested  dogs,  or  in  34  per  cent.  There  were  from  1 
to  70  present.  I  have  never  yet  seen  a  specimen  of  the  other  dog 
hook-worm,  Uncinarla  stcnocepliala,  nor  were  there  any  speci- 
mens in  the  extensive  collection  of  the  U.  S.  Bureau  of  Animal 
Industry  at  Washington,  but  Muldoon  (1916)  reports  both  hook- 
worms as  present  at  the  clinic  of  the  College  of  Veterinary  Medi- 
cine at  Ithaca,  N.  Y. 

So  far  I  have  seen  no  hookworm  infestations  in  Michigan 
dogs  w^hich  were  as  heavy  as  those  in  Washington,  D.  C.  The 
heaviest  infestation  seen  in  Detroit  totaled  70  hookworms,  and 
this  infestation  in  a  puppy  had  given  rise  to  a  clinical  case  of 
hookworm  disease.  In  Washington,  Mr.  W^  D.  Foster  and  I 
found  infestations  with  104,  233,  242,  and  812  hookworms.  This 
is  what  might  be  expected.  The  development  of  hookworm  eggs 
outside  of  the  host  animal  to  the  infective  stage  depends  largely 
on  the  factors  of  warmth  and  moisture.  There  is  an  abundance 
of  moisture  in  Michigan,  as  there  is  in  the  District  of  Columbia, 
but  the  lower  temperatures  in  Michigan  are  less  favorable  to 
hookworm  development  than  are  the  higher  temperatures  of  the 
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District.  In  the  southern  United  States  conditions  are  even  more 
favorable  to  hookworm  infestation,  and  in  some  locahties  breed- 
ers find  it  difficult  to  raise  pups  on  account  of  the  mortality  from 
this  disease. 

Of  the  nematode  parasites  of  the  dog,  one  which  does  not 
occur  in  the  digestive  tract  has  lately  received  some  little  atten- 
tion in  print.  This  is  Dioctophynie  rcnalc  (Eiisfrongylits  gigas), 
the  giant  kidney  worm  of  the  dog.  This  worm  is  the  largest  of 
all  the  true  nematodes,  the  female  attaining  a  length  of  about  one 
meter  and  a  thickness  of  over  a  centimeter.  The  worm  is  blood 
red  and  very  striking  in  appearance.  It  is  usually  reported  from 
the  kidney  or  from  the  body  cavity,  rarely  from  other  locations. 
Riley  (1916)  recently  summarized  the  cases  from  the  United 
States  and  Canada,  a  total  of  27  cases,  the  worms  being  in  the 
body  cavity  in  13  cases  or  44  per  cent.  From  Riley's  paper  it 
appears  that  cases  have  been  reported  from  Charleston,  S.  C, 
Georgetown,  S.  C,  Washington,  D.  C,  Baltimore,  ]\Id.,  Pitts- 
burgh, Pa.,  Philadelphia  ( ?)  Pa.,  Ithaca,  N.  Y.,  Albany,  N.  Y., 
New  York  City,  N.  Y.,  Kingston,  Ont.,  Toronto,  Ont.,  Colum- 
bus, O.,  and  Winnipeg,  Manitoba.  A  case  which  Leidy  reports, 
on  the  authority  of  Mr.  Joseph  Jones,  of  Georgia,  of  the  occur- 
rence of  the  worm  in  the  heart  of  a  dog,  has  been  generally  dis- 
credited by  parasitologists,  though  Riley  is  inclined  to  accept  it. 
Personally,  I  feel  that  there  was  more  likelihood  of  mistaking  a 
blood  clot  for  this  worm,  and  a  mistake  of  this  sort  is  known  to 
have  been  made,  than  that  such  an  unusual  thing  should  be  true. 

As  I  noted  that  Riley's  records  did  not  include  two  published 
cases  of  which  I  had  records,  I  published  a  note  (Hall,  1916) 
reporting  these  cases  and  adding  a  new  case.  One  of  the  pub- 
lished cases  was  from  Baltimore,  ]\Id.,  and  the  other,  as  a  later 
note  by  Kaupp  (1916)  makes  clear,  from  Chicago,  111.  The  new 
case  was  from  Ann  Arbor,  Mich.,  and  is  the  first  record  of  this 
parasite  from  Michigan.  To  that  record  I  wish  to  add  at  this 
time.  Two  of  our  67  infested  dogs  from  the  Detroit  pound,  or 
3  per  cent,  were  infested  with  Dioctophynie  renal c.  In  one  case 
the  worm  was  a  female,  36^  inches  (91.7  cm.)  long  by  5/16 
inch  (8  mm.)  thick.  The  head  was  near  the  gall  bladder,  the 
worm  extending  forward  between  the  lobes  of  the  liver  on  the 
right    side,   then    forming   a   large    coil   between    the    liver    and 
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diaphragm  to  the  left  side  and  along  the  body  wall,  then  in  to  the 
intestines,  the  tail  lying  under  the  omentum.  In  the  other  case 
there  were  two  male  worms  present  in  the  abdominal  cavity,  one 
lying  between  the  body  wall  and  the  liver  and  intestines  on  the 
right  side,  the  other  involved  in  the  gastro-hepatic  omentum.  In 
both  dogs  the  great  omentum  was  inflamed.  This  is  a  common 
lesion  in  infestation  with  this  worm,  and  presumably  results  from 
the  protective  activity  of  the  omentum  in  guarding  the  host 
animal  from  the  excretions  and  secretions  of  the  parasite.  Dr. 
Brenton  tells  me  that  he  has  seen  about  a  half-dozen  cases  of  the 
occurrence  of  this  worm  in  dogs  in  Detroit,  the  worm  being  in 
the  body  cavity  in  all  cases.  My  own  records  added  to  Riley's 
show  a  total  of  32  cases  from  the  United  States  and  Canada,  3 
of  these  cases  being  from  Michigan.  Of  the  33  cases  the  worm 
was  found  in  the  abdominal  cavity  in  at  least  16  cases,  or  50  per 
cent.  With  Dr.  Brenton's  cases  we  have  about  38  cases  from  the 
United  States  and  Canada,  with  over  half  of  the  records  report- 
ing this  giant  kidney  worm  from  the  abdominal  cavity. 

(Since  the  above  was  written,  a  later  paper  by  Riley  (1917) 
has  come  to  hand.  In  this  paper  Riley  records  one  additional 
case  from  Chicago,  and  notes  an  indefinite  number  of  cases  at 
the  same  place.  It  appears,  therefore,  that  the  worm  has  been 
found  at  least  40  or  50  times  in  the  United  States.  Riley  dis- 
cusses the  theory,  first  suggested  by  Stratton  in  1843,  that  infes- 
tation of  the  peritoneal  cavity  might  occur  by  way  of  the  Fallopian 
tubes  in  bitches.  In  the  American  records,  7  of  8  peritoneal 
infestations,  where  the  sex  is  given,  were  in  females.  In  both 
of  my  cases  the  animals  were  females,  making  a  total  of  9  cases 
out  of  10,  or  90  per  cent  of  cases  in  females  for  American  cases 
where  the  sex  is  known.) 

It  is  rather  surprising  to  note  that  in  our  series  of  necropsies 
cases  of  infestation  with  D.  renalc  were  as  numerous  as  cases  of 
infestation  with  coccidia  or  even  with  the  very  common  Tccnia 
hydatigcna  or  T.  pisiforniis.  It  is  surmised  that  D.  renalc  has  an 
intermediate  stage  in  fish,  since  it  occurs  in  the  seal,  otter,  mink, 
etc.  If  this  is  true,  it  may  account  in  some  degree  for  the  sur- 
prising frequence  of  these  worms  in  Detroit. 

A  comparison  of  the  figures  for  the  67  infested  dogs  exam- 
ined by  Mr.   Drake   and  myself   in  Detroit  with  those   for   76 
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infested  dogs  examined  by  Air.  Foster  and  myself  at  \\'ashing- 
ton,  indicates  that  in  general  worm  infestations  are  slightly  more 
numerous  and  heavier  in  Washington.  Thus  51  per  cent  of 
Washington  dogs  have  Dipylidiitni  in  number  from  1  to  1500; 
8  per  cent  have  Tccnia  in  number  from  1  to  2 ;  57  per  cent  have 
whipworms  in  number  from  1  to  331 ;  71  per  cent  have  hook- 
worms in  number  from  1  to  812.  On  the  other  hand,  70  per  cent 
of  Detroit  dogs  have  ascarids,  while  a  slightly  smaller  proportion, 
67  per  cent,  of  W^ashington  dogs  are  so  infested,  and  3  per  cent 
of  our  series  at  Detroit  had  Dioctopliynie,  while  we  found  it  in 
none  of  the  larger  series  at  Washington.  At  an  earlier  period  in 
Washington,  Sommer  (1896)  found  Tccnia  in  14  per  cent; 
Dipylidiuni  in  44  per  cent;  ascarids  in  28  per  cent;  hookworms  in 
56  per  cent;  whipworms  in  70  per  cent;  and  DioctopJiyme  in  2 
per  cent.  It  would  appear  from  this  that  Washington  dogs  have 
more  hookworms  and  whipworms,  while  Michigan  dogs  have 
more  ascarids.  The  above  figures  cannot  be  compared  exactly 
for  the  reason  that  we  had  rejected  some  dogs  on  negative  fecal 
examinations. 

Dogs  in  Lincoln,  Nebraska,  according  to  Ward  (1897),  have 
few  hookworms  and  ascarids,  and  many  tapeworms.  In  Colo- 
rado Springs,  Colo.,  I  found  hookworm  infestations  quite  un- 
common, doubtless  due  to  the  combination  of  bright  sunshine 
and  dry  air  and  the  low  temperature  at  night. 
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PREPARATION   OF  PROTEIN   EXTRACTS   FOR   DIAG- 
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By  Newell  S.  Ferry,  M.D.,  Detroit,  Mich. 

(From   the    Research   Laboratory    of   Parke,   Davis   &    Co.,    Detroit,    Michigan.) 

So  much  work  is  being  carried  on  at  the  present  time  from  a 
chnical  standpoint,  relative  to  anaphylactic  skin  reactions  with 
various  protein  extracts,  including  the  food,  plant,  pollen  and 
microorganismal,  that  it  has  become  an  important  and,  in  some 
respects,  a  serious  question  as  to  the  most  practical  form  in  which 
to  present  them.  This  includes  the  best  method  of  extracting  the 
crude  material,  so  that  all  of  the  a\ailable  proteins  are,  according 
to  Goodale^  "in  the  form  in  which  they  exist  when  exciting 
symptoms,"  the  most  stable  form  in  which  to  preserve  them,  and 
the  most  suitable  and  appropriate  state  in  which  to  exhibit  them 
for  administration. 

If  the  cutaneous  method  of  diagnosticating  the  sensitizations 
to  various  proteins  is  to  become  of  general  clinical  use,  taking  its 
place  by  the  side  of  the  tuberculin,  the  luetin  and  other  tests,  it  is 
evident  that  the  present  forms  in  which  the  proteins  are  found 
should  be  modified. 

In  preparing  protein  extracts  for  use  other  than  experimental, 
several  things  must  be  taken  into  consideration.  The  material, 
as  has  previously  been  mentioned,  must  be  extracted  in  such  a 
manner  as  to  retain  all  of  the  proteins  of  the  foods,  plants,  and 
pollen  in  an  available  concentrated  state ;  the  extract  must  be 
preserved  from  deterioration  due  to  heat,  chemical  action,  and 
bacterial  contamination,  and  should  be  so  mixed  with  a  non- 
irritating  soluble  diluent  that  it  can  be  used  directly  by  the 
diagnostician. 

There  seems  to  be  no  dissenting  opinion  as  to  the  value  of 
water  as  an  extractive,  all  authorities  agreeing  that  the  large 
majority  of  proteins  are  perfectly  soluble  in  water,  although  it  is 
recognized  that  such  extracts  are  extremely  liable  to  deterioration. 
To  inrure  stability  of   the  aqueous   extracts,   especially  toward 
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microorganisinal  contamination,  which  appears  to  be  the  most 
destructive  influence,  various  preservatives  are  used  and  good 
results  have  been  reported  from  all  of  them.  Those  most  fre- 
quently employed  are  alcohol,  glycerin  and  the  phenols. 

Goodale  advises  the  use  of  alcohol  in  from  12  per  cent  to  15 
per  cent  dilution,  as  he  believes  it  best  preserves  the  anaphylacto- 
genic  properties  of  pollen  and  other  protein  extracts.  He  found, 
howe\er,  that  the  pollen  solutions  contained  one  unstable  albumen 
and  a  relatively  stable  proteose,  the  former  being  readily  coagu- 
lated by  exposure  to  air.  The  proteose,  on  the  contrary,  sufl^ers 
but  little,  and  will  endure  boiling  without  precipitation.  These 
alcoholic  extracts,  according  to  Goodale,  "should  be  kept  as  far  as 
possible  from  exposure  to  air.  and  if  in  the  older  extracts  cloudi- 
ness occurs,  it  should  not  be  filtered,  as  thereby  the  albumen 
would  be  removed,  leaving  only  the  proteose  in  solution."  It  is 
very  evident,  if  alcohol  has  such  an  effect  upon  protein  extracts, 
that  some  other  preservative  would  be  more  acceptable,  especially 
when  it  is  desired  to  use  the  extracts  in  an  aqueous  form. 

Several  experimenters  have  ob1:ained  satisfactory  results  with 
carbolic  acid  or  trikresol,  and  it  would  seem  that  these  preserva- 
tives would  be  more  satisfactory  than  alcohol,  as  they  not  only 
will  prevent  bacterial  contamination,  but,  in  the  small  amount  in 
which  they  are  used,  have  not  a  deleterious  action  upon  the  pro- 
teins themselves.  Carbolic  acid  and  trikresol,  or  alcohol  for  that 
matter,  are  not  ideal  preservatives,  as  the  extracts  in  which  they 
are  used  can  not  be  applied  to  sensitive  surfaces,  such  as  the 
conjunctiva,  on  account  of  their  painfully  irritating  action.  To 
overcome  this  H.  C.  Hamilton,  of  this  laboratory,  has  suggested 
an  oil  of  high  coefhciency  which  the  writer  has  found  best  suited 
for  this  purpose,  as  it  can  be  used  in  a  dilution  absolutely  non- 
irritating  to  the  most  sensitive  surfaces  and  still  retain  a  germi- 
cidal action  equivalent  to  either  of  the  other  phenols  or  the 
alcohol. 

As  to  the  methods  of  preparing  extracts  for  presentation  in 
the  most  practical  form,  several  suggestions  have  been  oft'ered. 
The  most  feasible,  up  to  the  present  time,  depends  upon  either  a 
direct  drying  of  the  aqueous  extract  or  a  precipitation  of  the 
proteins  with  alcohol  or  acetone,  followed  by  a  vacuum  desicca- 
tion of  the  precipitate.      Woodhouse"  has  published  a  method  of 
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preparing  desiccated  extracts  which  so  far  has  given  favorable 
results.  The  aqueous  extract  is  obtained  either  from  cooked 
(according  to  method  of  Goodale)  or  uncooked  foods,  and  evap- 
orated, if  possible,  to  dryness.  The  residue  is  dissolved  in 
'sufficient  water  and  precipitated  by  three  or  four  volumes  of  95 
per  cent  alcohol.  The  precipitate  is  then  centrifuged  and  washed 
several  times  with  95  per  cent  alcohol,  absolute  alcohol,  and  then 
ether,  and  finally  dried  over  sulphuric  acid.  According  to  Wood- 
house,  it  was  necessary  to  deviate  from  this  general  plan  by 
precipitating  with  a  mixture  of  acetone  and  ether  instead  of  95 
per  cent  alcohol.  These  methods  are  not  entirely  satisfactory 
as  the  desiccated  powder  is  not  always  completely  soluble  in  water, 
and  the  more  the  dehydration  is  delayed,  the  more  insoluble 
becomes  the  residue. 

Baker  and  Floyd^  have  also  proposed  a  method  of  desiccating 
the  protein  extracts,  especially  bacterial  extracts,  which  depends 
upon  keeping  the  extract  at  a  constant  temperature  of  40°  C. 
with  a  water  bath  while  rapid  evaporation  is  produced  by  means 
of  a  current  of  air  from  an  electric  fan  directly  over  the  suspen- 
sion. This  well-known  method  of  evaporation  is  always  reliable 
and  can  be  used  in  any  laboratory,  although  the  material  must  be 
w^ell  fortified  against  bacterial  contamination.  After  the  extract 
has  been  reduced  to  a  powdered  form,  it  is  made  into  a  suspension 
with  glycerin  in  the  proportion  of  10  mgs.  of  the  powder  to  1  c.c. 
of  glycerin.  The  authors  have  this  to  say  concerning  their 
mixture :  "One  or  two  drops  of  this  preparation  are  used  for  a 
test.  If  the  powder  is  applied  to  the  skin  directly,  a  constant 
standard  can  not  be  established  or  a  sterile  preparation  can  not 
be  vouched  for.  The  glycerinated  preparation  insures,  with 
ordinary  care,  a  sterile  preparation  and  a  constant  strength,  thus 
establishing  a  standard." 

After  trydng  out  several  of  the  most  promising  of  the  above 
methods  of  preparing  extracts,  the  writer  has  found  no  one  of 
them  entirely  satisfactory,  the  greatest  fault  being  that  they  take 
up  too  much  time  to  apply ;  this  is  quite  an  essential  point  when 
patients  are  to  be  tested  with  a  large  number  of  extracts. 

The  following  method  has  been  employed  by  the  writer  (the 
clinical  application  of  these  extracts  to  be  published  later)  during 
the  past  year,  and  it  has  been  found  most  satisfactory,  as  the 
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extracts  are  better  preserxed  from  deterioration  and  are  in  a 
form  more  convenient  to  use  than  any  heretofore  described.  The 
protein  is  first  extracted  from  the  fresh  or  dried  material  with 
sterile  water  containing  just  enough  of  the  previously  mentioned 
highly  coefficient  oil  to  act  as  a  preservative.  To  this  aqueous 
extract  is  added  enough  glycerin  so  that  when  the  solution  is 
evaporated  (any  one  of  the  several  methods  of  evaporating  may 
be  used)  the  final  amount  of  extract  will  be  in  a  quantity  suffi- 
cient to  produce  a  standard  previously  decided  upon.  To  this 
glycerin  extract  is  added  a  sufficient  amount  of  finely  ground 
boric  acid  powder  in  a  mortar  to  make  a  rather  heavy  paste. 
For  convenience  the  author  has  had  this  paste  put  up  in  the 
ordinary  small  collapsible  tubes,  pressing  out  just  the  amount 
necessary  for  each  test. 

In  applying  the  paste,  the  following  simple  and  convenient 
procedure  was  suggested  and  has  since  been  used  to  the  exclusion 
of  all  others.  Take  upon  the  end  of  a  sterile  wooden  toothpick 
just  enough  of  the  paste  for  a  test,  rubbing  the  paste  into  the 
scarification  with  the  toothpick,  which  is  then  to  be  discarded. 

The  advantage  of  this  method  of  preparing  the  various  protein 
extracts  and  presenting  them  for  administration  lies  in  the  fact 
that  the  crude  material  is  first  extracted  with  water,  thus  assuring 
the  presence  of  all  available  proteins ;  the  extract,  which  can  be 
accurately  standardized,  is  well  preserved  from  deterioration, 
especially  bacterial  contamination,  and  is  in  a  form  suitable  for 
instant  use.  The  paste  is  perfectly  miscible  with,  and  soluble  in, 
the  body  fluids  or  in  water,  is  not  an  irritant  in  itself,  and  can  be 
used  repeatedly  either  with  or  without  the  collapsible  tube  with 
practically  no  chance  of  contamination. 

If  it  is  preferred  to  obtain  the  proteins  in  a  desiccated  form, 
according  to  the  method  of  Woodhouse  and  others,  they  can  be 
applied  in  the  paste  form  by  simply  making  a  heavy  suspension  of 
the  powder  in  the  glycerin  before  mixing  with  the  boric  acid  or 
by  mixing  the  powder  directly  with  the  boric  acid. 
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Horses  are  infested  with  two  kinds  of  Hce,  the  sucking  louse, 
Hcematopimis  asini  (Hcvniatopinns  macrocephalus) ,  and  the 
biting  hce,  Trichodectes  pilosus  and  Trichodectes  paruinpilosus. 
The  two  forms  are  readily  distinguishable,  as  the  sucking  louse 
is  a  larger  louse  with  a  long  pointed  head,  and  the  biting  lice  are 
smaller  forms  with  a  blunt  rounded  head.  (See  figures.)  The 
sucking  louse,  as  the  term  suggests,  is  a  blood-sucker.  The  biting 
louse  lives  on  the  superficial  epidermal  scales  and  the  debris  and 
secretions  present  on  the  skin.  The  sucking  louse  is  probably  the 
more  vicious  pest  of  the  two,  as  the  loss  of  blood  from  the  attacks 
of  large  numbers  of  these  lice  may  be  a  serious  matter.  There  is 
probably  little  difference  in  the  degree  or  amount  of  annoyance 
due  to  the  presence  and  irritation  from  the  two  different  kinds 
of  lice,  but  even  here  the  puncturing  of  the  skin  by  Hcematopinus 
is  perhaps  more  irritating  than  the  biting  of  the  superficial  epi- 
dermis by  Trichodectes.  Both  forms  give  rise  to  itching,  and  the 
results  from  this  are  often  surprisingly  unpleasant.  A  barn  full 
of  horses  may  become  a  ])aiulemonium  as  a  result  of  lice.  The 
itching  animals  attempt  to  relieve  the  itching  by  rubbing  and 
biting,  other  animals  start  to  kick,  presently  the  kicking  becomes 
general,  and  there  is  a  resultant  clamor  and  din,  with  a  sub- 
stantial element  of  danger  to  the  horses  and  attendants.  Occa- 
sionally the  lice  will  give  rise  to  eczema.  Lice  seem  to  be  more 
numerous  in  late  winter  or  early  spring.  They  are  more  readily 
detected  when  horses  stand  in  the  warm  sunshine,  as  this  brings 
the  lice  to  the  surface.  The  sucking  lice  are  especially  easy  to 
detect  on  white  horses. 

Attempts  to  find  exact  published  information  in  regard  to  the 
bionomics  of  the  horse  lice  indicate  that  not  very  much  work  has 
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been  done  along  these  lines.  The  large  literature  on  the  bionomics 
of  the  louse  parasitic  on  man,  Pcdiciilus  hiunanus,  a  very  large 
part  of  which  has  come  into  existence  since  the  beginning  of  the 
present  war,  suggests  that  this  lack  of  information  regarding 
horse  lice  is  not  merely  apparent,  but  real.  Many  persons,  writing 
on  horse  lice,  discuss  periods  of  treatment,  remedies,  and  other 
matters  for  biting  lice  and  sucking  lice  together,  apparently  on 
the  basis  that  a  louse  is  a  louse  and,  more  especially,  that  a  horse 
louse  is  a  horse  louse.  But  inasmuch  as  there  is  a  rather  wide 
gap  between  a  sucking  louse  and  a  biting  louse,  the  first  belong- 


HoRSE  Lice. 


Sucking  I,orsE. 


Fig.  1.  Hacmatopinus 
asini  {H.  macrocephaiiis) . 
Female.         X16.  After 

Neveii-T.emaire     (1912). 


Biting  I,ick 


l'"iG.      i.  Trichodecies 

paniiiipilosKs.  Female. 

X  14.         .\f  tei  Neveu-l.e- 
iiiairc    (1912). 


Fig.  3.  Trichodectes 
pilosus  {Tr.  vcstitns). 
Female.  Xl4.  After 

Neveu-Lemaire     (1912). 


ing  to  the  Hemiptera  and  the  second  to  the  ]\lalloi)haga,  it  might 
be  as  safel}'  assumed  that  there  would  be  considerable  difference 
between  the  two  kinds  as  regards  not  only  structtire,  but  also 
bionomics  and,  consequently,  details  of  treatment.  A  few  very 
tentative  experiments  seem  to  confirm  this  idea. 

In  the  purchase  of  hundreds  of  horses  for  the  serum  work  of 
Parke,  Davis  &  Company,  there  is  more  or  less  trouble  as  a  result 
of  the  importation  of  lice  on  new  purchases,  and  this  problem 
becomes  more  acute  in  winter  when  dipping  is  no  longer  feasible. 
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During  the  summer  lice  may  be  readily  controlled  by  dipping,  a 
coal-tar  dip  furnishing  a  cheap  and  satisfactory  means  of  freeing 
horses  of  lice.  During  the  past  winter  the  writer  has  assisted  the 
veterinary  staiif  at  Parkedale  and  has  undertaken  a  few  rather 
simple  experiments  to  obtain  a  little  information  which  did  not 
seem  to  be  available.  The  princii)al  object  of  this  paper  is  to 
make  those  results  available  to  others  and  to  make  ]niblic  such 
findings  as  are  in  any  w-ay  new. 

In  the  first  place,  38  horses  were  selected  for  examination  for 
lice,  taking  those  on  which  lice  had  been  seen  or  where  the  rest- 
lessness or  evidence  of  itching  suggested  the  presence  of  lice.  Of 
these  horses,  lice  were  found  on  24,  or  63  per  cent,  so  that  of  cases 
presenting  evidences  of  lousiness  clinically,  conviction  in  the 
shape  of  lice  found  was  not  obtainable  in  quite  a  number  of  cases. 
Of  the  24  horses  found  infested  w'ith  lice.  22,  or  92  per  cent,  were 
infested  with  sucking  lice.  Hcematopinus  asini.  and  only  2,  or  8 
per  cent,  were  infested  with  biting  lice,  TricJwdectcs  pilosus.  The 
infestations  with  Hcciiiatopinus  ranged  from  very  light  to  very 
heavy;  those  with  TricJwdectcs  were  both  very  heavy.  It  is  inter- 
esting to  note  that  Osborn  (1891),  contrary  to  our  experience 
here,  found  the  biting  louse  most  common  in  Ohio  at  the  time 
he  wrote,  and  says  of  the  sucking  louse,  Hcvmatopinus:  "Not- 
withstanding the  probable  frequent  occurrence  of  this  species,  we 
have  as  yet  failed  to  meet  with  examples.  The  biting  lice  from 
horses  have  been  secured  in  great  numbers,  but  we  have  searched 
in  vain  for  this  one."  Even  five  years  later,  Osborn  (1896) 
writes  of  Hcematopinus:  '"The  biting  lice  have  been  secured  in 
great  numbers,  but  we  have  searched  in  vain  for  this  one.  and  but 
few  have  come  to  hand."  As  regards  the  species  of  biting  lice 
found,  WQ.  are  again  at  variance.  I  found  no  specimens  of 
Trichodectes  paritmpilosus,  while  Osborn  (1891,  1896)  says  of 
Tr.  pilosus:  "We  have  not  been  fortunate  enough  to  secure  ex- 
amples of  this  form,  though  we  have  the  other  in  great  abund- 
ance." The  difference  in  Osborn's  findings  and  our  findings  as 
regards  the  relative  abundance  of  the  two  species  of  biting  lice 
is  paralleled  in  Europe,  where  Fiebiger  (1912)  has  pointed  out 
that  Railliet  considers  Tr.  pilosus  the  more  rare,  while  Taschen- 
berg  considers  it  the  more  common  of  the  two  species.  Neveu- 
Lemaire  (1912)  agrees  with  Taschenberg. 
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Experiments  showed  a  great  difiference  in  the  length  of  time 
the  sucking  hoe  could  live  off  their  host  as  compared  with  the 
biling  lice.  In  a  number  of  tests,  sucking  lice,  Hccmatopiinis, 
lived  1  or  2  days,  the  last  of  them  never  surviving  beyond  the 
second  day  after  their  removal  from  the  horse.  On  the  other 
hand,  biting  lice,  Trichodcctcs,  li\ed  from  .")  to  8  days,  the  last 
of  them  being  found  dead  on  the  ninth  day.  One  factor  which 
may  partly  account  for  this  is  the  fact  that  both  species  of  lice 
were  kept  in  vials  with  small  amounts  of  the  horse's  hair, 
removed  when  the  lice  were  collected.  This  hair  perhai)s  fur- 
nished food  for  the  biting  lice,  while  the  sucking  lice,  deprived 
of  the  blood  which  constitutes  their  food,  speedily  starved.  In 
spite  of  this,  the  experiment  indicates  that  stables  are  apt  to  be 
capable  of  infecting  horses  with  biting  lice  for  a  period  of  at 
least  8  days,  at  the  temperatures  noted  below,  even  disregarding 
the  presence  of  eggs,  whereas  stables  would  probably  be  incapa- 
ble of  infecting  horses  with  biting  lice  after  being  kept  empty 
for  'I  or  o  days  at  these  temperatures,  if  we  disregard  the  ])res- 
ence  of  eggs.  The  presence  of  eggs  in  stables  would  depend 
largely  on  whether  the  horses  involved  were  shedding  or  losing 
hair  in  other  ways.  There  would  seem  to  be  little  likelihood  of 
the  eggs  becoming  detached  from  the  hairs.  Newly  hatched  lice 
of  either  the  biting  or  sucking  kinds  died  inside  of  two  days  when 
kept  off  a  host  animal.  I  have  no  data  in  regard  to  the  humidity 
conditions  of  these  longevity  experiments,  and  only  the  temper- 
ature range,  which  was  from  21°  to  ol'  C.  (70°  to  88°  F.).  The 
lice  would  probably  live  longer  at  lower  temperatures. 

Louse  eggs  may  be  readily  distinguished  from  the  eggs  of  the 
bot-flies  by  the  fact  that  lice  attach  their  eggs  to  the  hairs  at  a 
point  close  to  the  skin,  so  that  they  are  not  easily  seen  unless  the 
hair  is  parted  to  look  for  them,  whereas  the  bot-flies  attach  their 
eggs  on  the  hairs  at  a  point  remote  from  the  skin.  Bot-flies  com- 
monly attach  their  eggs  to  the  hairs,  and  especially  the  long  hair, 
of  the  fore-legs,  shoulders,  nostrils,  chin  and  mouth,  places 
readily  accessible  to  the  mouth  of  the  horse,  since  the  larvae 
must  get  to  the  stomach  of  the  host.  In  our  experience,  lice  eggs 
were  most  common  in  the  flanks  and  around  the  angle  of  the 
iaw,  the  latter  a  point  not  accessible  to  the  mouth.  The  eggs  of 
lice  and  bot-flies  can  be  further  differentiated  bv  tiie  fact  that 
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the  louse  egg  is  a  symmetrical  affair,  the  cap  of  the  egg  rounding 
ofif  the  unattached  end  like  the  lid  of  a  barrel,  while  the  bot-fly 
egg  is  asyninietrical.  the  ca])  of  the  egg  being  set  oblic[uely  to  the 
longitudinal  axis  of  the  egg.  The  bot-fly  egg  is  transversely 
striated,  the  egg  of  Hwniatopiiiiis  is  finely  stippled,  the  sti])i)led 
dots  being  at  the  intersections  of  a  network  of  lines,  and  the  egg 
of  'rrlchodectes  is  smooth.  The  eggs  of  Hwiiiatopiinis  asini  are 
an  opacjue  creamy  white.  \.'2  to  L"3T  mm.  long  and  •")30  to  540  /< 
thick,  measuring  mounted  specimens  and  excluding  the  adhesive 
mass  that  attaches  the  egg  to  the  hair.  The  eggs  of  I'ricliodcctcs 
pilosus  are  daintier,  more  translucent  atTairs,  with  an  iridescent 
sheen,  and  are  smaller.  <s;3()  to  (S(S()  /<  long  and  3!)()  /<  thick.  Louse 
eggs  are  usually  attached  to  one  hair,  but  an  occasional  egg  is 
found  attached  to  two  hairs. 

A  few  experiments  were  undertaken  to  determine  the  length 
of  time  required  for  the  hatching  of  Hccmatopuins  and  Tricho- 
dectes.  In  these  experiments,  eggs  were  collected  from  horses 
and  kept  in  Petri  dishes  under  atmospheric  conditions  of  htunidity 
and  temperatvn-e.  The  humidity  factor  was  not  ascertained  ;  the 
temperature  range  was  the  same  as  that  for  the  longevity  exi)eri- 
ments,  31°  to  31°  C.  (70°  to  88^  F.).  The  length  of  time  the 
eggs  had  been  on  the  horse  was.  of  course,  unknown,  so  that  the 
periods  obtained  only  serve  to  show  that  eggs  may  reciuire  that 
much  time  to  hatch ;  they  may  require  longer. 

In  the  case  of  Tricliodcctcs  pilosus,  eggs  hatched  in  the  course 
of  •")  or  ()  days.  A  majority  of  the  eggs  remained  unopened  at 
the  end  of  -"iO  days,  the  young  lice  being  found  dead  and  shriveled 
witliin  the  shell  at  the  end  of  that  period. 

In  the  case  of  Hccmatopiiius  asiiii,  eggs  hatched  in  the  course 
of  K)  to  18  or  19  days.  The  large  majority  of  the  eggs  which 
were  unopened  when  collected  remained  unopened  at  the  end  of 
oO  days.  These  unhatched  eggs  were  dissected  open  with  the 
following  findings :  About  (iG  per  cent  of  the  young  lice  were 
dead  and  shri\  eled  ;  about  13  per  cent  were  dead,  but  well  pre- 
served instead  of  shriveled ;  the  remainder,  about  21  per  cent, 
appeared  to  have  undergone  autolysis,  the  egg  content  being  fluid 
and  unorganized.  It  appears  likely  that  the  failure  to  hatch  on 
the  part  of  the  large  majority  of  the  eggs  tested  is  to  be  attributed 
to  unfavorable  incubation  conditions  rather  than  to  anv  common 
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tendency  to  fail  to  hatch  under  normal  conditions.  On  the  other 
hand,  the  examination  of  large  numbers  of  eggs  collected  from 
horses  showed  a  majority  of  these  eggs  to  be  already  opened,  so 
that  in  a  given  collection  of  opened  and  unopened  eggs,  the  un- 
opened ones  presumably  include  those  functionally  incapable  of 
maturing  or  opening,  which  defective  eggs  would  persist  on  the 
horse  for  long  periods. 

The  length  of  time  required  for  maturation  of  the  lice  on 
horses  was  not  ascertained,  and  I  have  been  unable  to  find  this 
point  covered  by  definite  experiments  in  the  literature  available 
to  me.  This  knowledge  should  be  available  before  one  can  speak 
with  certainty  as  to  the  proper  intervals  for  dipping.  Since  the 
dips  used  kill  the  lice,  but  not  the  "nits,"  we  must  know  the  time 
required  for  a  female  which  hatches  right  after  dipping  to  be- 
come mature  and  deposit  eggs,  for  this  is  approximately  the 
period  during  which  we  may  postpone  dipping.  We  must  not 
postpone  it  until  the  female  has  actually  deposited  eggs.  The 
other  time  factor  concerns  the  length  of  time  required  for  eggs 
to  hatch.  After  the  first  dipping  we  must  wait  until  the  egg 
deposited  just  before  that  dipping  has  hatched  in  order  to  kill  all 
the  lice  emerging  from  eggs  present  at  the  time  of  the  first  dip- 
ping. The  relations  of  the  hatching  period  and  the  period  of 
maturation  determine  the  intervals  between  dippings  and  the 
number  of  times  it  is  necessary  to  dip.  Since  the  maturation 
period  for  horse  lice  is  not  known  to  me,  the  procedure  indicated 
for  dipping,  on  the  strength  of  the  scanty  knowledge  available, 
would  be  as  follows :  For  sucking  lice,  if  animals  are  only  to  be 
dipped  twice,  dip  at  intervals  of  about  3  weeks ;  if  they  may  be 
dipped  three  times,  dip  at  intervals  of  about  2  weeks,  to  elimi- 
nate the  likelihood  of  a  short  maturation  period  resulting  in  egg 
production  before  the  latest  of  the  eggs  present  at  the  first  dip- 
ping had  hatched.  As  a  rule,  however,  the  sucking  lice  mature 
in  3  or  4  weeks,  according  to  Herms  (1915),  and  practical  ex- 
perience indicates  that  two  dippings  are  usually  ample  for  lice. 
On  the  other  hand,  the  statement  by  Herms  that  sucking  lice 
hatch  in  5  to  6  days  is  apparently  not  true  of  H.  asini.  The  same 
authority  states  that  biting  lice  hatch  in  5  to  8  days,  which  accords 
very  well  with  our  findings,  and  mature  in  3  to  4  weeks.  Under 
these  conditions,  horses  should  be  dipped  for  biting  lice  twice  at 
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intervals  of  10  to  '^0  days,  probably  2  weeks  being  the  safest 
interval.  For  2  dippings,  where  both  kinds  of  lice  are  present, 
an  interval  of  about  20  days  appears  to  be  indicated. 

The  writer  appreciates  that  studies  of  this  sort  should  be 
.completed  and  well  rounded  out  before  publication  if  possible.  It 
does  not  appear  possible  to  complete  this  study  at  this  time,  as 
this  experiment  w^ork  was  only  incidental  to  eradication  work, 
and  in  view  of  the  shortage  of  readily  available  data  on  this  sub- 
ject it  seems  advisable  to  make  even  this  tentative  contribution. 
Moreover,  as  noted  later,  the  present  war  calls  for  all  available 
information  along  the  line  of  lice  control. 

As  noted  earlier  in  this  paper,  writers  habitually  discuss  treat- 
ments of  horse  lice  as  though  no  distinctions  between  biting  lice 
and  sucking  lice  need  be  drawn.  I  take  it  that  this  is  due  in  part 
to  a  lack  of  available  detailed  information,  especially  in  regard  to 
the  bionomics  of  these  insects,  on  which  to  make  distinctions. 
The  small  amount  of  work  that  we  have  done  suggests  that  even 
in  the  use  of  dips,  a  treatment  commonly  regarded  as  equally 
effective  against  Hccuiatoplnus  or  Trichodcctcs,  there  are  dif- 
ferences worth  considering,  not  only  in  the  preferred  intervals 
for  dipping,  but  also  in  regard  to  the  relative  resistance  to  dips 
and  other  insecticides.  Tests  which  are  yet  incomplete  and  which 
will  be  covered  in  later  papers  indicate  that  Trichodectes  is  more 
resistant  to  insecticidal  treatment  than  is  Hccniatopiiiiis. 

A  distinction  between  the  effects  of  treatment  on  sucking  lice 
and  on  biting  lice  of  horses  which  does  not  appear  to  have  been 
sufffciently  emphasized  is  the  fact  that  even  contact  insecticides 
may  be  simultaneously  "stomach  poisons'"  or  ingested  insecticides 
for  biting  lice.  When  the  horse's  skin  and  its  hairy  covering  is 
soaked  with  a  dip  or  covered  with  a  contact  insecticide  of  any 
sort,  it  contaminates  the  food  of  the  biting  lice,  so  to  speak,  and 
subjects  them  to  any  toxic  action  arising  from  ingesting  these 
substances.  In  this  way  it  may  happen  that  biting  lice  might  sur- 
vive dilutions  of  contact  insecticides  that  would  kill  sucking  lice, 
and  yet  fall  victim  to  these  contact  insecticides  as  a  result  of  their 
actual  action  as  stomach  poisons.  As  matters  stand,  we  would 
not  recognize  this  action  and  would  regard  the  death  of  the  biting 
lice,  which  might  follow  the  dipping  rather  closely,  as  the  result 
of  the  insecticidal  action  by  contact.  This  matter  deserves  inves- 
tigation. 
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Along  this  same  line,  the  writer  would  like  to  record  the 
result  of  tests  of  an  ingested  insecticide  on  horse  lice.  In  the 
Annual  Report  of  the  Chief  of  the  United  States  Bureau  of 
Entomology,  issued  in  1916,  Dr.  L.  O.  Howard  notes  that  the 
work  done  in  that  bureau  has  demonstrated  that  all  the  species 
of  lice  infesting  poultry  may  be  readily  destroyed  by  the  appli- 
cation of  a  very  small  quantity  of  sodium  fluoride.  Sodium 
flour ide  is  one  of  the  common  stomach  poisons  used  in  combating 
such  insects  as  roaches,  and  is  the  base  of  many  roach  powders. 
The  method  of  using  sodium  fluoride  for  chickens  is  given  by 
Bishopp  and  Wood  (1917)  as  follows:  Hold  the  bird  by  the  legs 
or  wings  and  put  a  pinch  of  sodium  fluoride  on  the  head,  one  on 
the  neck,  two  on  the  back,  one  on  the  breast,  one  below  the  vent, 
one  on  the  tail,  and  one  scattered  on  the  underside  of  each  wing 
when  spread ;  or  dip  the  bird  in  tepid  water  containing  ^  to  1 
ounce  of  commercial  sodium  fluoride,  or  -/^  of  an  ounce  of  the 
chemically  pure  material,  to  each  gallon  of  water. 

There  does  not  appear  to  be  any  reason  why  sodium  fluoride 
should  not  be  as  effective  for  the  biting  lice  of  mammals, 
species  of  Trichodcctcs,  as  for  the  lice  of  birds,  all  of  which  are 
biting  lice  belonging  to  various  genera  of  M^allophaga.  In  order 
to  test  this,  however,  one  of  the  two  horses  infested  with  biting 
lice  was  treated  with  sodium  fluoride,  the  powder  being  taken  in 
handfuls  and  rubbed  into  the  hair  practically  all  over  the  body. 
The  other  horse  was  treated  with  a  contact  insecticide.  Both 
horses  were  very  lousy  before  treatment  and  both  were  com- 
pletely freed  of  lice  by  their  treatments.  A  number  of  other 
horses  infested  with  sucking  lice  were  also  treated  with  sodium 
fluoride,  while  others  were  treated  with  various  contact  insecti- 
cides. The  sodium  fluoride  treatment,  as  was  expected,  was  not 
successful  in  destroying  sucking  lice.  While  a  single  experiment 
with  one  horse  would  not  of  itself  establish  the  efiicacy  of  a 
treatment,  the  fact  that  this  success  is  in  accord  with  the  other 
known  facts  in  regard  to  biting  lice  and  their  treatment  makes  a 
rather  strong  case  for  this  treatment,  and  without  caring  to  say 
that  its  value  is  established  beyond  question,  we  have  no  hesi- 
tancy in  saying  that  it  is  probably  as  efl^ective  as  the  experiment 
indicates  and  is  worthy  of  trial. 

The   sodium  fluoride  treatment  has  the  advantage  of  being 


a])[>lical)le  in  winter,  and  il  apparently  does  not  injure  tlie  hair 
or  skin.  It  has  the  (hsad\anta,L!,e  that  it  is  only  a])plicable  to 
biting  lice  iind  that  a  horse  covered  with  powder  is  not  very 
attractive  or  even  useful  in  some  ways  for  the  time  being. 

Methods  for  the  control  of  lice  are  of  special  interest  at  this 
time.  The  bringing  together  of  large  numbers  of  horses  from  all 
sorts  of  places  in  war  times  habitually  results  in  a  rapid  spread 
of  these  pests  and  great  annoyance  to  the  horses.  This,  in  time, 
results  in  trouble  for  the  cavalry  and  field  artillery  and  work 
for  the  arm}-  veterinarian.  And  right  now  many  of  us  must 
regard  oursehes  as  i)otentially  army  veterinarians.  If  the  pres- 
ent war  makes  the  demands  on  this  country  which  already  seem 
possible,  there  will  probably  be  a  need  for  veterinarians  in  and 
out  of  the  army  that  will  require  some  stretching  of  our  abilities 
to  till.  In  view  of  the  importance  which  the  subject  of  lice  con- 
trol may  assume  in  the  near  future,  I  venture  to  summarize  here 
a  few  of  the  control  measures  which  may  prove  useful. 

( )bviously,  the  first  control  measure  is  directed  against  the 
lice  present  with  a  view  to  killing  them.  Lice  are  not  especially 
dithcult  to  kill.  The  coal-tar  dips  are  cheap  and  effective,  and 
are  the  things  most  commonly  used  in  this  country.  The  Prussian 
army  uses  the  following:  Infusion  of  tobacco  (1  to  2-)  or  30), 
with  or  without  the  addition  of  vinegar,  which  treatment  has  the 
disadvantage  of  being  poisonous ;  sabadilla  vinegar,  also  poison- 
ous, and  to  be  used  well  rubbed  in  at  infested  spots  only  ;  fish  oil, 
which  may  be  used  in  the  same  way;  1  part  of  petrolevmi  to  10  of 
methylated  spirit;  ecjual  parts  of  petroleum  and  rai)e-seed  oil; 
2  to  1)  ])cr  cent  watery  solution  of  creolin  or  ."!  ])er  cent  solution 
of  li(|uor  cresolis  compound;  grey  mercury  ointment,  not  over 
J'A)  grains  at  one  application,  rubbed  over  the  entire  bodv.  either 
alone  or  mi.xed  with  oil  or  soft  soap,  taking  care  to  keep  it  out 
of  the  eyes;  or,  in  case  of  need,  washing  the  horse  with  soa[)y 
water,  and  while  the  coat  is  still  damp,  dusting  on  finely  sifted 
beech  ashes  or  peat  ashes  and  brushing  in  well.  Inasmuch  as 
soap  is  a  good  insecticide  of  itself,  it  is  likely  that  some  relief 
could  be  obtained  by  the  use  of  strong  soap-suds  if  nothing  better 
was  available.  Louse  ])owders.  containing  oxytoluol,  crude 
cresol,  naphthalin,  pyretlinun,  sulphur  and  other  more  or  less 
insecticidal  substances,  may  be  used.     They  have  the  advantage 
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of  being  available  in  winter  weather  when  dips  cannot  be  safely 
used  as  a  rule ;  they  have  the  disadvantage  noted  in  the  discussion 
of  sodium  fluoride  of  temporarily  detracting  from  a  horse's 
attractiveness  and  usefulness  and  are  not  such  effective  and 
simple  contact  insecticides  as  dips.  The  sodium  fluoride  treat- 
ment, as  already  noted,  may  be  used  against  biting  lice. 

Aside  from  killing  the  lice  present,  there  are  certain  prophy- 
lactive  and  adjuvant  measures  of  value.  Clipping  horses  is  a 
great  aid  in  lice  control.  Plenty  of  brushing  and  currying  is 
another  aid.  Dipping  the  curry  comb  and  brush  in  kerosene  or 
a  strong  coal-tar  dip  when  leaving  one  horse  and  passing  to 
another  is  a  measure  of  value  in  preventing  the  spread  of  lice  ; 
due  regard  must  be  had  for  the  potential  danger  of  kerosene  as 
a  source  of  fire  loss  in  a  stable,  and  for  the  fact  that  kerosene  is 
depilatory  for  horses.  Also,  too  strong  coal-tar  preparations 
irritate  the  skin.  Shake  off  the  excess  kerosene  or  coal-tar 
preparation  after  dipping  the  comb  or  brush.  Where  horses  can 
be  curried  on  a  picket  line,  it  diminishes  the  danger  of  reinfec- 
tion from  lice  and  eggs  which  are  cleaned  off,  since  these  are 
more  apt  to  perish  out  of  doors  and  not  return  to  their  hosts  than 
would  be  the  case  with  lice  in  a  stable.  It  also  diminishes  the  fire 
risk  in  using  kerosene.  The  danger  of  transmitting  lice  on  sad- 
dle blankets,  horse  blankets,  and  bridles  has  not  been  well  inves- 
tigated or  reported ;  the  danger  exists  but  it  is  uncertain  whether 
it  is  considerable  or  negligible.  To  be  on  the  safe  side,  these  things 
should  be  regarded  as  carriers  of  infestation  and  treated  accord- 
ingly. Cleanliness  is  almost  always  valuable  in  the  control  of 
parasites.  Clean  stables,  frequently  whitewashed  or  washed 
down  with  preparations  of  germicidal  and  insecticidal  character, 
are  safer  than  dirty  stables.  The  prompt  and  frequent  removal 
of  manure  and  stable  litter  is  a  measure  of  value.  Segregation 
of  badly  infested  horses  and  quarantine  measures  for  new 
animals  are  measures  that  are  indicated  when  feasible. 

It  is  interesting  to  note  that  a  number  of  European  investi- 
gators have  stated  that  one  way  to  remove  the  human  body  louse 
from  clothing  is  to  put  the  clothing  on  a  horse.  Some  writers 
advance  the  theory  that  there  is  something  insecticidal  about  this 
treatment  and  about  horses.  One  of  these  writers  makes  the 
following  statements :  Lice  are  rare  on  horses ;  baker's  assistants 
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protect  themselves  against  tieas  by  putting  their  slee[)ing  clothes 
with  the  coats  of  the  stable  hands;  the  Ruthenian  people  put  their 
clothing  over  horses  to  get  rid  of  lice  ;  dogs  roll  in  horse  manure 
to  get  rid  of  fleas.  Another  writer  surmises  that  the  efficacy  of 
the  system  of  putting  the  clothing  on  horses  is  not  due  to  a  repel- 
lent odor,  as  stated  by  some.  Init  to  the  lice  abandoning  the  cloth- 
ing to  get  on  the  horse  for  warmth  and  nutrition,  and  then  per- 
haps being  killed  by  the  impalpable  and  irritant  pcjwder  from  the 
skin.  These  surmises  are  interesting  without  being  entirely  con- 
\incing.  Having  seen  thousands  of  lice  swarming  over  horses, 
it  is  hard  for  us  to  believe  that  a  horse  is  an  insecticide.  Still  it 
is  conceivable  that  the  human  louse  (Xuttall  states  that  there  is 
no  dependable  morphological  difference  between  the  head  louse 
and  the  body  or  clothes  louse),  if  transplanted  to  a  horse,  might 
die  of  something  akin  to  gastralgia  or  even  nostalgia. 

In  conclusion,  I  would  like  to  acknowledge  the  courteous 
assistance  and  co-operation  of  Dr.  R.  H.  Wilson  and  Dr.  L.  A. 
Maze  in  the  conduct  of  the  experiments  noted  here. 
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Studies  from  the  Research  Laboratory 
Parke,     Davis    &    Co. 
Reprint  No.  132.  1917 

"THE  SUSCEPTIBILITY  OF  THE  PRAIRIE  DOG  TO 
RABIES."^ 

George  Walters. 

(From    the    Research    Laboratory    of    Parke,    Davis    &    Co.,    Detroit,    Mich.) 

The  significance  of  this  paper  does  not  at  once  present  itself 
even  to  those  most  famiHar  with  the  prairie  dog  as  a  constant 
neighbor.  In  fact,  it  was  not  apparent  to  the  writer  until  three 
of  these  animals  were  offered  to  the  laboratory  as  substitutes  for 
rabbits.  Their  vicious  temperament  and  apparent  intractability 
led  us  to  suspect  that  they  would  make  good  subjects  for  experi- 
mental rabies.  They  were  therefore  set  aside  for  observation 
and  treatment. 

Having  but  three  animals  it  was  decided  to  keep  one  for  con- 
trol and  attempt,  if  possible,  to  establish  a  certain  degree  of 
immunity  in  the  others  so  that  some  check  could  be  had  upon  the 
action  of  the  virus  to  which  the  animals  were  to  be  ultimately 
exposed.  It  was  also  believed  that  the  course  of  the  disease  could 
be  observed  more  intelligently  by  proceeding  in  this  manner. 

The  following  gives  the  result  of  this  experiment  in  detail: 

Animal  No.  1;  Weight,  1350  grams;  Antirabic  Vaccine,  Special  P.  D. 
&  Co.  Experimental  product;  Exposed,  21  days  after  last  injection  of 
vaccine.  Intracranial  injection  of  0.2  c.c.  fresh  virus;  Paralysis,  13th  day; 
Result:  Died  16th  day  of  rabies.  Animal  extremely  nervous  and  very 
vicious  during  treatment.  Following  inoculation  irritability  increased, 
would  attack  dogs  and  had  to  be  kept  in  closed  cage. 

Animal  No.  2;  Weight,  1140  grams;  Antirabic  Vaccine,  Special  P. 
D.  &  Co.  Experimental  product;  Exposed,  21  days  after  last  injection  of 
vaccine.  Intracranial  injection  of  0.2  c.c.  fresh  virus;  Result:  Immune 
to  date  (5-18-17).     Nearly  three  months  after  death  of  other  animals. 

Animal  No.  3;  Weight,  1075  grams;  Antirabic  Vaccine  (control); 
Exposed,  21  days  after  last  injection  of  vaccine.  Intracranial  injection  of 
0.2  c.c.  fresh  virus;  Paralysis,  10th  day  slight  paralysis  right  leg.  11th 
day  coming  down;  Result:  Died  13th  day  following  inoculation. 


•Presented   before  the  March  meeting  of  the   Michigan  State  Academy   of  Sciences 
at  Ann   Arbor,   Mich. 

Reprinted   from    the   Journal    of    the    American    Veterinary    Medical    Association, 
Vol.  LI.,   N.  S.  Vol.  4,   No.   S,  pp.  702-704,  August,   1917. 
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It  will  be  seen  from  the  foregoing  table  that  a  fairly  typical 
rabies  infection  may  be  suspected.  The  subsequent  inoculations 
from  the  brain  of  these  animals  gave  corroborative  results. 

It  was  not  intended  that  this  report  of  rabies  in  the  prairie 
dog  should  be  considered  as  final.  Neither  was  it  intended  to  be 
particularly  of  a  rabies  immunity  problem.  There  are  too  many 
technical  considerations  to  be  allowed  for  such  a  problem  on  so 
few  animals,  as  unrecognized  protein  reactions,  meningeal  symp- 
toms from  other  than  rabic  causes  simulating  rabies,  and  a  total 
lack  of  extensive  experiments  on  these  animals  with  which  the 
present  series  may  be  compared. 

A  thorough  search  of  the  literature  fails  to  show  any  previous 
record  of  rabies  infection  among  prairie  dogs.  Nor  are  we  able 
to  ascertain  whether  this  branch  of  the  marmot  family  has  been 
studied  with  any  special  reference  to  health  problems.  It  is  well 
known  that  other  species  may  be  easily  infected,  and  marmots  in 
Asia  and  the  western  slope  of  the  Rockies  have  been  studied  with 
reference  to  the  plague  problem. 

Prior  to  1914  when  Henry  W.  Henshaw,  Chief  of  the  Biologi- 
cal Survey  of  the  U.  S.  Government,  reported  his  studies  of  the 
marmot,  the  relationship  and  ranges  of  many  of  the  species  of 
this  rodent  were  quite  imperfectly  known. 

Economic  reasons  were  the  cause  of  various  investigations. 
In  1900  the  Bureau  of  Animal  Industry  furnished  an  extensive 
review  of  losses  endured  by  cattle  men  of  the  Southwest  on 
account  of  the  destructive  effect  of  the  prairie  dog  upon  their 
grazing  lands  by  their  extensive  colonization.  The  review  was 
followed  by  many  important  articles  during  the  succeeding 
twelve  years,  but  no  hint  of  the  health  problem  was  mentioned. 
This  seems  almost  incredible  in  view  of  the  well  known  tempera- 
mental morbidity  of  tliese  animals  with  their  "nasty"  tempers. 
In  spite  of  its  social  exclusiveness  and  apparent  timidity,  so  well 
known,  the  animal  shows  a  marked  disposition  toward  viciousness. 

The  prairie  dog  or  prairie  marmot  (Cynomys),  of  which  the 
best  known  species  is  .Cynomys  ludovicianus,  is  closely  related  to 
the  sqtiirrel,  chipmunk,  rat,  cavidse,  porcupine,  hare,  gopher, 
chinchilla,  wood-chuck,  and  other  species  of  rodents. 

Of  this  order  it  shows  anatomically  marked  resemblance  to 
all  the  various  species  and  physiologically  identical  characteristics. 
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They  are  essentially  a  "social"  animal  living  in  immense 
colonies  ranging  from  a  few  acres  to  thousands  of  square  miles 
in  area,  the  population  averaging  from  35  to  64  per  acre.  They 
are  not  easily  captured,  and  when  taken  they  remain  long  savage 
•and  intractable.  They  may  be  tamed,  however.  Efforts  to  tame 
the  animals,  reported  in  this  paper,  failed  during  a  period  of 
several  years  and  no  laboratory  experiments  could  be  undertaken 
with  them  because  of  their  consistent  ugliness. 

Their  natural  enemies  are  the  coyotte,  badger,  black-footed 
ferret,  and  a  few  denizens  of  the  arid  regions,  among  which  may 
be  named  especially  the  owl  and  the  rattlesnake,  both  of  which 
feed  upon  the  young  and  receive  no  mercy  from  their  very 
harmless-looking  captors,  who  bury  them  in  their  holes  when 
possible. 

The  prevalence  of  rabies  among  coyotes  has  recently  been  the 
subject  of  serious  legislation  and  health  department  control  in  the 
west,  and  the  facts  in  the  foregoing  paragraph  indicate  how  easily 
rabies  may  be  spread  among  prairie  dogs  by  these  or  other 
enemies,  and  thence  to  animals  which  might  come  in  contact  with 
them  offensively.  When  it  is  borne  in  mind  that  their  instincts 
lead  them  to  almost  heroic  attempts  at  self-preservation  when 
attacked  or  angered,  this  becomes  doubly  apparent. 

It  is  hoped  this  paper  will  lead  to  further  studies  by  others 
on  the  marmot  family  as  related  to  rabies.  Certain  problems 
closely  related  to  it  will  be  the  subject  of  later  reports  from  this 
laboratory. 
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MANURE  DISPOSAL  AS  A  FACTOR  IN  THE  CONTROL 
OF  PARASITIC  DISEASES  OF  LIVE  STOCK. 

Maurice  C.  Hall,  Ph.D.,  D.V.Al. 

Parasitologist,   Research   Laboratory    of   Parke,   Davis   &   Co.,    Detroit,    Mich. 

The  results  of  the  work  on  hookworm  disease  of  man  in  the 
southern  United  States  and  elsewhere  in  the  world  has  empha- 
sized the  major  importance  of  sanitation  and  especially  of  a 
proper  disposal  of  feces  as  a  control  measure  for  this  disease. 
Not  only  hookworms,  but  the  other  worms  parasitic  in  the 
digestive  tract  and  its  adnexa  in  man,  depend  on  the  feces  first 
of  all  as  a  vehicle  for  their  transmission.  But  this  is  equally  true 
for  the  parasitic  worms  infesting  our  live  stock  and  domesticated 
animals.  The  eggs  or  larvae  of  stomach  worms,  nodular  worms, 
ascarids,  Strongyloidcs,  whijnvorms.  tapeworms,  flukes  and  even 
lungworms  pass  first  to  the  outer  world  in  the  manure,  and  a 
proper  disposal  of  the  manure  is  the  first  line  of  prophylactic 
attack. 

AMiile  the  importance  of  a  proper  disposal  of  feces  has  been 
emphasized  and  is  being  emphasized  as  a  control  measure  for  such 
parasites  of  man  as  the  hookworm,  the  proper  disposal  of  manure 
as  a  control  measure  for  a  large  number  of  important  parasites  of 
live  stock  has  not  been  adequately  emphasized.  Yet  the  fact  is 
that  this  point  deserves  special  consideration.  Our  live  stock  is 
constantly  exposed  and  re-exposed  to  parasitic  infestation  by  vir- 
tue of  the  fact  that  these  animals  eat  off  the  ground,  so  to  speak, 
to  a  great  extent.  Our  horses,  cattle,  sheep  and  goats  graze  on  pas- 
ures,  our  hogs  root  up  the  ground  in  search  of  white  grubs  and 
hunt  through  swampy  pig-pens  for  the  corn  which  is  dumped  into 
the  mud,  our  chickens  pick  most  of  their  food  off  the  ground  or 
out  of  the  soil,  and  even  our  dogs,  as  a  rule,  seem  to  think  as  nuich 
of  food  that  has  been  tossed  out  in  the  back  yard  as  of  food  pre- 
sented in  a  clean  utensil.  This  mode  of  feeding  exposes  the  food 
of  these  animals  to  contamination,  since  the  feces  of  the  animals 
are  deposited  on  the  ground,  and  the  area  in  which  the  animal 
habitually  spends  its  time  is  the  area  in  which  it  feeds  and  which 
it  contaminates.  The  prevention  of  this  condition  is  for  the  most 
part   impossible.     The  prevention   of   parasitic   infestation   as   a 
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result  of  this  condition  is  a  matter  that  calls  for  repeated  treat- 
ment with  suitable  and  adequate  anthelmintics,  thereby  cutting 
down  the  supply  of  worms  in  the  animals  and  so  shutting  down 
egg  production  at  its  source.  Vigorous  measures  along  this  line 
may  be  expected  to  render  the  manure  reasonably  safe  on  the 
score  of  parasitic  infestation,  since  parasite  eggs  must  be  produced 
in  large  numbers  in  order  to  permit  of  perpetuation  of  parasites 
under  the  operation  of  the  laws  of  chance. 

But  while  the  manure  deposited  on  the  pasture  is  not  a  thing 
that  can  be  readily  controlled,  the  manure  from  the  barns  and 
other  buildings  where  domesticated  animals  are  housed  is  some- 
thing that  can  be  more  or  less  controlled.  Contrary  to  the  general 
rule  for  human  feces,  barn-yard  manure  must  be  utilized  as 
fertilizer,  which  means  that  it  must  go  back  to  the  fields  some- 
where. Now  if  the  animals  furnishing  this  manure  were  never 
on  pasture  and  were  always  fed  from  clean  troughs  and  racks, 
they  would  tend  to  lose  any  parasitic  infestation  they  might  have, 
the  manure  simultaneously  tending  to  become  free  from  parasite 
eggs  and  larvae  and  safe  for  use  on  the  fields  anywhere  so  far  as 
parasites  were  concerned.  I  have  seen  old  horses  which  had  been 
used  in  a  large  city  and  kept  off  pasture  which  had  almost  none 
of  the  strongyles  of  the  large  intestine  which  are  so  common  in 
horses  as  a  rule,  and  sheep  raised  under  experiment  conditions 
which  were  almost  free  or  completely  free  from  stomach  worms. 
But  the  farm  animal  from  which  barnyard  manure  or  stable 
manure  is  obtained  is  usually  only  a  transient  in  the  barn  or  barn- 
yard or  stable.  These  animals  are  in  the  pasture  every  day  or  a 
part  of  the  year,  and  the  barn-yard  or  stable  manure  is  usually  as 
infective  to  begin  with  as  is  that  on  the  pasture. 

There  are  two  obvious  lines  of  attack  in  disposing  of  the  in- 
fective features  of  this  manure.  One  would  consist  in  treating 
the  manure  in  such  a  way  as  to  kill  the  parasite  eggs  and  larvae, 
and  the  other  would  consist  in  disregarding  this  feature  and  plac- 
ing the  manure  where  it  would  have  little  or  no  capacity  for 
infecting  stock. 

The  first  method  offers  a  field  for  a  large  amount  of  investi- 
gation, but  this  investigating  has  not  been  done.  Broadly  speak- 
ing, one  would  have  to  determine  how  long  the  eggs  and  larvae 
of  the  various  species  of  worms  involved  lived  in  manure  piles, 
in  spread  manure,  in  closely  packed  manure;  the  effect  of  sun- 
light ;  the  effect  of  moisture ;  the  effect  of  various  chemicals,  the 
chemicals  in  turn  being  of  a  nature  not  to  injure  the  fertilizer 
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value  of  the  manure.  There  are  practically  no  data  on  this  and 
little  could  be  surmised  without  such  data. 

The  second  method  is  one  concerning  which  we  have  adequate 
data.  It  merely  involves  the  application  of  facts  which  are  fairly 
well  known,  but  which  have  received  little  emphasis  in  this  con- 
nection. We  have  emphasized  to  a  certain  extent  the  value  of 
stock  rotation  on  pasture  as  a  control  measure  for  parasites.  We 
know  that  if  a  pasture  has  one  kind  of  stock  on  it  year  after  year 
it  becomes  highly  infested  with  the  eggs  and  larvae  of  the  parasites 
which  infest  that  kind  of  stock.  We  might  state  this  briefly  and 
alliteratively  as  follows :  Perniancnt  pastures  perpetuate  para- 
sites. Such  pastures  are  dangerous — for  that  kind  of  stock.  They 
may  be  quite  harmless  for  other  kinds  of  stock.  Thus  horses  may 
safely  follow  swine  or  follow  ruminants  (cattle,  sheep  and  goats)  ; 
swine  may  follow  horses  or  ruminants ;  ruminants  may  follow 
horses  or  swine.  These  groups  have  worm  parasites  which  in 
general  are  not  transmissible  to  each  other,  so  that  the  manure 
from  one  group  is  not  infective  for  the  other  groups.  The  fact 
that  all  the  ruminants  are  infested  with  the  deadly  stomach  worm 
makes  it  undesirable  to  attempt  to  rotate  cattle,  sheep  and  goats 
with  one  another. 

But  the  extension  of  this  idea  of  stock  rotation  to  the  disposal 
of  barn-yard  manure  and  other  manure  has  not  been  emphasized. 
I  do  not  remember  ever  seeing  the  idea  stated,  yet  it  is  probably 
in  print.  At  any  rate  it  deserves  to  be  emphasized.  Manure 
which  is  to  be  taken  to  the  fields  should  be  disposed  of,  wherever 
possible,  with  a  view  to  its  possibilities  as  a  carrier  of  parasitic 
infestation.  It  will  not  always  be  possible  to  make  the  applica- 
tion. There  are  dairy  farms  where  only  cattle  are  kept,  and  the 
manure  from  these  cattle  must  go  back  to  the  pastures  and  fields 
where  the  cattle  will  graze,  unless  exchange  is  made  with  neigh- 
boring farms  running  different  kinds  of  stock.  There  are  horse 
farms,  hog  farms,  and  sheep  farms  in  a  somewhat  similar  situa- 
tion. In  such  cases  one  might  bear  in  mind  that  well  rotted 
manure  would  be  safer  than  manure  which  had  not  been  held  long 
or  rotted.  The  time  element  involved  here  permits  of  the  death 
of  eggs  and  larvae  as  a  result  of  various  unfavorable  conditions, 
and  the  rotting  process  may  well  prove  lethal,  since  in  nature  the 
worm  eggs  are  washed  onto  the  pasture  and  the  larvae  are  capable 
of  traveling,  in  some  instances,  yards  away  from  the  manure 
deposits.  It  is  also  likely  that  lime  would  kill  larvae  when  added 
to  manure. 
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However,  there  are  farms  where  there  is  an  option  as  to  the 
disposal  of  the  manure  of  two  or  more  kinds  of  stock.  Horse 
manure  may  be  put  where  horses  are  to  run  or  where  cattle  are 
to  run ;  where  such  alternative  offers,  it  is  advisable  to  put  it 
where  cattle  are  to  run.  The  same  principle  applies  to  manure 
of  ruminants,  swine  and  horses.  Where  there  is  a  considerable 
amount  of  poultry  droppings,  as  there  sometimes  is,  it  may  be 
regarded  as  safe  for  anything  other  than  birds,  and  manure  from 
other  animals,  generally  speaking,  will  convey  no  parasites  to 
birds.  On  the  other  hand,  the  feces  of  man  and  the  dog  are 
always  to  be  regarded  as  dangerous.  While  it  is  true  that  there 
is  little  necessity  for  considering  the  disposal  of  quantities  of  dog 
feces,  it  is  also  true  that  the  casual  straying  over  our  farms  by 
dogs  maintains  a  persistent  supply  of  gid  in  sheep,  hydatids  in 
swine,  other  bladderworms  in  sheep  and  cattle,  and  other  parasitic 
pests.  While  it  is  true  that  we  do  not  make  a  practice  of  fertiliz- 
ing our  soil  with  human  feces  in  this  country  as  they  do  in  China, 
it  is  nevertheless  true  that  the  informal  practice  exists  in  this 
country  even  if  there  is  no  statement  of  it  as  a  formal  agricultural 
measure.  It  is  well  known  that  in  the  Southern  States  there  has 
been,  and  still  is  over  a  large  territory,  an  almost  total  neglect  of 
sanitary  provision  for  disposal  of  feces  in  the  rural  districts,  and 
something  of  this  neglect  is  true  for  some  parts  of  the  Northern 
rural  districts.  In  human  feces  we  not  only  have  the  source  of 
numerous  parasites  of  man,  but  the  source  of  such  parasites  of 
our  stock  as  "measles"  (cysticercosis)  in  cattle  and  swine. 

It  may  be  urged  that  much  of  this  barn-yard  manure  is  plowed 
under  and  the  fields  so  treated  sowed  to  crops  which  will  be 
gathered  and  not  fed  back  to  stock.  Quite  true ;  and  that  it  is  a 
safe  method  of  avoiding  infestation.  On  the  other  hand,  the 
plowing  under  of  manure  for  forage  crops  cannot  be  regarded  as 
assuring  safety.  There  are  possibilities  for  the  survival  of  eggs 
and  larvffi  and  the  likelihood  that  larv?e  would  escape  from  the 
manure  and  soil  under  certain  conditions. 

What  we  are  urging  is  no  panacea,  and  it  is  not  of  universal 
applicability.  We  only  urge  that  manure  be  regarded  as  the  most 
important  means  of  conveying  parasitic  infestation;  that  it  be 
regarded  as  potentially  dangerous ;  that  in  situations  where  there 
is  an  option  in  disposing  of  manure,  it  be  placed  where  animals  of 
the  sort  furnishing  the  manure  will  not  be  exposed  to  parasitic 
infestation  from  it.  This  same  measure  will  also  serve  as  an  aid 
in  the  control  of  some  bacterial  diseases. 
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The  theory  has  been  advanced  and  is  generally  accepted  that 
hay  fever  is  a  symptom  complex  following  a  toxemia  depending 
upon  a  parenteral  digestion  of  proteins  of  certain  pollen. 

To  Holbrook  Curtis^  has  been  given  the  credit  of  first  en- 
deavoring to  produce  an  active  resistance  against  the  disease, 
although  all  writers  have  recognized  the  pioneer  scientific  work 
of  Dunbar,"  not  only  as  regards  the  etiological  relationship  of 
pollen  to  the  disease,  but  also  as  to  his  endeavors  to  establish  the 
value  of  a  specific  antiserum.  Unfortunately  Dunbar's  experi- 
ments were  based  on  his  erroneous  conception  of  the  similarity 
of  pollen  extract,  the  so-called  pollen  "toxin,"  to  a  true  toxin.  As 
a  result,  he  was  led  into  the  error  of  attempting  to  prove  that  an 
antitoxin  could  be  obtained  which,  in  vivo  as  well  as  in  vitro, 
would  neutralize  the  pollen  extract  in  a  manner  similar  to  the 
action  of  diphtheria  antitoxin  toward  diphtheria  toxin. 

It  has  been  conclusively  shown  that  Dunbar's  pollen  extract 
is  not  a  toxin,  according  to  the  generally  accepted  meaning  of  the 
term,  as  it  reveals  none  of  the  characteristics  essential  to  a  true 
toxin.  It  is  poisonous  only  to  a  small  part  of  the  human  species 
and  apparently  innocuous  to  the  animal  species,  except  in  large 
doses.  It  is  thermostable,  is  not  aft'ected  by  acids  or  alkalies,  and 
the  intoxication  has  no  incubation  period,  nor  does  it  follow  the 
law  of  multiple  proportions. 

Recently  Cooke,  Flood  and  Coca^  have  stated  that  "Hay  fever 
is  the  clinical  symptomatic  expression  of  local  hypersensitiveness. 
The  active  pollen  substances  are  not  toxins." 

As  the  extract  is  not  a  true  toxin  it  is  impossible  to  conceive 
of  Dunbar's  antiserum   ("Pollantin")  as  being  a  true  antitoxin, 
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although  in  extremely  large  doses  it  might  exhihit  some  neutral- 
izing effect. 

While  Curtis,  in  1900,  reported  faxorable  results  against  hay 
fever  with  extracts  of  the  whole  jtlants  and  flowers,  it  was  not 
until  1911  that  the  first  scientific  work  was  carried  out  along  lines 
c»f  so-called  active  immunity.  At  that  time  Noon*  and  Free- 
man,'' "  from  the  laboratory  of  the  Department  for  Therapeutic 
Inoculation,  St.  Mary's  Hospital,  London,  described  their  results 
with  acjueous  extracts  of  the  pollen  of  grasses.  The  extracts  were 
prepared  after  a  method,  first  used  by  Dunbar  for  obtaining  his 
pollen  toxin,  which  consisted  of  the  addition  of  distilled  water  to 
a  certain  amount  of  pollen,  the  extraction  being  aided  by  re- 
peated freezing  and  thawing.  Koessler'  '^  at  the  same  time  was, 
in  this  country,  working  along  somewhat  similar  lines  with  favor- 
able results,  but  his  findings  were  not  published  until  1914. 

Prior  to  the  work  of  Noon  and  Freeman,  Dunbar  had  demon- 
strated that  the  application  of  a  "barely  invisible  trace"  of  pollen 
to  the  conjunctival  or  nasal  mucous  membrane  almost  instantly 
produced  most  intense  symptoms  of  hay  fever  in  subjects  sensi- 
tive to  that  particular  pollen.  The  same  experiment  was  nega- 
tive to  those  not  suffering  with  the  disease.  It  w^as  later  show^n 
also  that  aqueous  extracts  of  the  same  pollen  gave  similar  reac- 
tions. By  this  means  was  established  a  method  of  differentiating 
between  those  individuals  sensitive  to  one  pollen  from  those  sen- 
sitive to  another,  and  of  determining  equally  well  the  exact  resist- 
ance of  a  patient  toward  and  given  pollen  extract.  This  diagnostic 
method  proved  conclusively  that  hay  fever  depended  upon  an 
mdividual  predisposition,  and  this,  together  with  the  fact  that 
pollen  extracts  have  been  considered  of  a  protein  nature,  led 
many  to  believe  that  anaphylaxis  was  the  underlying  cause  of  the 
disease.  The  conception  that  hay  fever  was  a  symptom  of  ana- 
phylaxis and  resulted  from  the  parenteral  digestion  of  the  pro- 
teins of  pollen  was,  however,  first  suggested  by  Wolff"-Eisner.'^ 

The  specific  local  reactions,  manifested  in  hay  fever  sensitive 
individuals,  following  the  ophthalmic,  cutaneous,  or  intracutane- 
ous applications  of  pollen  extracts,  seem  to  show  that  at  times 
the  blood  and  tissues  contain  a  proteolytic  ferment  which  is  cap- 
able of  splitting  off  the  poisonous  group  from  the  pollen  proteins. 
As  a  result  of  this  cleavage  the  poisonous  group,  acting  as  an 
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irritant,  stimulates  the  local  inflammatory  conditions,  which  are 
recognized  as  the  specific  reactions.  If  these  local  reactions,  and 
the  general  reaction  known  as  hay  fever,  are  the  result  of  anaphy- 
laxis the  patient  must  necessarily  have  previously  been  sensitized. 
The  method  or  methods  bringing  about  this  primary  hypersensi- 
ti'zation  ha\c,  however,  never  been  satisfactorily  explained.  Ac- 
cording to  Koessler  "*  '•'  *  the  individual  disposition  to  hay  fever 
may  have  been  inherited  or  may  have  been  acquired  during  any 
period  of  life."  Cooke  and  Vander  Veer°  conclude  that  "sensi- 
tized individuals  transmit,  to  their  offspring,  not  their  own  specific 
sensitization,  but  an  unusual  capacity  for  developing  bioplastic 
reactivities  to  any  foreign  proteins." 

In  opening  the  way  for  the  initial  parenteral  absorption  of  the 
protein  which  produces  the  acquired  sensitization,  something  must 
have  occurred  which  resulted  in  an  interference  with  the  normal 
digestive  function  of  the  nasal  mucosa,  as  it  is  generally  believed 
that  all  mucous  mmbranes  will  readily  digest  protein  material 
under  normal  conditions  with  no  untoward  effects.  Of  the  many 
explanations  that  have  been  forthcoming  as  regards  the  predispos- 
ing cause  of  the  primary  sensitization,  perhaps  the  following  are 
the  most  plausible :  an  insufficient  nasal  secretion  concomitant 
with  a  lowered  percentage  of  normal  proteolytic  enzymes ;  or  an 
excessive  accumulation  of  pollen,  either  accidentally  inhaled  or 
resulting  from  some  abnormal  anatomical  obstruction.  While  the 
term  "active  immunity,"  originally  used  in  this  connection  by 
Noon,  is  still  a  popular  expression  for  this  type  of  an  increased 
tolerance,  yet  it  is  a  question  whether  it  is  correct,  and  it  will 
probably  not  be  decided  imtil  the  status  of  the  protein  molecule 
has  been  fixed  and  its  relation  to  antigens  has  been  determined. 
In  a  "Study  of  the  Chemistry  of  Pollen  Extracts"  the  author 
and  Mr.  Lewis  Davis'"  of  this  laboratory  have  found  that  the 
active  principle  appears  to  be  of  the  nature  of  deuteroproteose. 

PROPHYLAXIS. 

Xoon  and  Freeman,  accepting  the  work  of  Dunbar,  believed 
that  the  pollen  extract  contained  a  toxin  and,  on  that  basis,  pro- 
posed a  method  of  treatment  aiming  at  the  production  of  an 
active  immunity.  The  same  method  is  practically  carried  out 
today,  although  the  rationale  of  the  treatment  is  founded  upon  an 
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entirely  different  premise.  At  the  present  time  it  is  believed 
that  hay  fever  results  from  protein  sensitization  and  that  a  sensi- 
tized individual  may  be  desensitized  by  compelling  the  body  cells 
to -exhaust  all  of  the  available  specific  proteolytic  enzymes  upon 
pollen  protein  artificially  injected.  Cooke,  Flood,  and  Coca  tell 
us  that  the  mechanism  of  the  alleviating  effect  of  specific  therapy 
is  the  same  as  that  of  desensitization  in  experimental  anaphylaxis. 
In  other  words,  a  condition  of  anti-anaphylaxis  is  produced  ren- 
dering the  patient  practically  refractory  or  immune,  so  that  when 
the  protein  reaches  the  mucous  membrane,  through  the  agency  of 
the  pollen  in  the  natural  way,  it  is  not  rapidly  split  up  but  is 
allowed  to  liberate  the  toxic  part  slowly,  as  under  normal  condi- 
tions, and  the  symptoms  universally  recognized  as  hay  fever  do 
not  appear. 

While  several  methods  of  desensitizing"  an  individual  against 
a  foreign  protein  have  been  suggested,  the  most  promising,  as 
regards  the  pollen  protein,  seems  to  be  by  the  subcutaneous  route, 
starting  with  extremely  minute  doses  of  the  protein,  as  repre- 
sented by  the  pollen  extract,  and  gradually  raising  the  tolerance 
by  increasing  the  size  of  the  dose. 

In  order  to  determine  a  safe  initial  dose  of  the  pollen  extract, 
or  a  dose  that  will  not  produce  a  severe  reaction,  a  very  ingenious 
method,  based  upon  the  local  reaction,  as  first  brought  out  by 
Dunbar,  was  proposed  by  Noon.  It  was  found  that  an  individual, 
when  sensitive  to  a  certain  pollen,  always  gave  an  ophthalmic 
reaction  with  an  aqueous  extract  of  that  particular  pollen  and, 
by  decreasing  the  strength  of  the  testing  material,  a  condition  was 
reached  when  no  reaction  w^as  discernible.  This  was  considered 
the  limit  of  the  resisting  power  of  the  tissues  of  the  patient 
against  the  extract,  and  by  this  means  the  exact  status  of  the 
tolerance  of  the  patient  was  determined  or,  in  other  words,  the 
exact  amount  of  extract,  which  could  with  safety  be  injected  into 
the  patient,  was  estimated.  In  this  country  the  cutaneous  or 
intracutaneous  methods  of  diagnosis  have  apparently  supplanted 
the  ophthalmic,  as  they  not  only  give  a  more  accurate  index  of 
the  patient's  resistance,  but  also  permit  of  several  tests  being  car- 
ried on  at  the  same  time,  to  be  repeated  daily  if  necessary. 

With  these  means  at  hand  for  making  a  correct  diagnosis  and 
of  estimating  the  resistance  of  the  patient  toward  any  pollen  ex- 
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tract  there  is  practically  no  element  of  danger  in  the  treatment, 
provided  single  extracts  are  used.  MultipoUen  extracts  or  ex- 
tracts of  pollen  to  which  the  patient  is  not  sensitive  should  not 
be  injected  subcutaneously  until  more  is  known  of  the  subject  of 
protein  sensitization  and  the  exact  relation  of  the  protein  mole- 
cule to  hay  fever  has  been  determined.  There  is  an  element  of 
danger  in  sensitizing  tlie  individual,  during  the  course  of  the 
treatment,  to  a  protein  of  a  pollen  which  the  patient,  up  to  that 
time,  was  able  to  digest  and  absorb  with  safety.  And,  for  this 
reason,  a  patient  should  not  be  injected  with  pollen  extract  before 
the  diagnosis  has  been  determined,  and  the  specific  relation  has 
been  established  between  the  extract  in  c^uestion  and  the  pollen 
to  which  the  patient  is  sensitive. 

POLLEN. 

While  it  has  been  shown  by  Scheppegrell, '"  '"^  "  ^''  President  of 
the  American  Hay-Fever  Prevention  Association,  (ioodale-" -^  of 
Boston  and  others,  that  a  large  number  of  pollens  will  produce 
hay  fever,  and  that  the  disease  may  be  found  at  any  time  of  the 
year,  yet,  with  the  great  majority  of  cases,  in  this  country,  there 
are  but  two  distinct  seasons  corresponding  to  the  pollenizing  of 
the  two  classes  of  plants,  the  Graminacese  of  the  spring  and  the 
compositse  of  the  fall. 

Scheppegrell^*'''''''''  has  given  us  four  groups  which  cover 
nearly  all  the  hay  fever  cases;  the  Ambrosiaceje,  Graminaceae, 
Artemisise,  and  Chenopodiacire. 

Treatment  with  pollen  extracts  is  also  much  simplified  by  the 
fact,  in  a  large  percentage  of  cases,  that  sensitization  to  one  mem- 
ber of  a  plant  family  or  group  may  be  diagnosed  by  using  extracts 
of  the  pollen  of  other  members  of  the  same  family  or  group, 
making  it  necessary  to  determine  only  the  member  giving  the 
strongest  or  the  most  typical  reaction.  This  has  been  corrobor- 
ated, in  whole  or  in  part,  by  Freeman,  Goodale,  Koessler,  Cooke 
and  Vander  Veer,  and  Scheppegrell. 

As  a  result  of  a  large  amount  of  experimental  and  clinical 
work  the  past  few  years,  the  most  important  meml)ers  of  the 
various  groups  have  been  shown  to  be  as  follows :  ragweed  pollen 
of  the  Ambrosiacese,  timothy  pollen  of   the   Grann'naceae.  mug- 
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wort  pollen  of   Artemisiae,  and   the  chenopodium  pollen  of  the 
Chenopodiacese. 

The  popular  notions  relative  to  rose  colds  and  golden-rod 
fever  have  practically  been  ruled  out,  as  the  majority  of  observers 
maintain  that  only  wind-borne  pollen  are  to  be  considered  in  hay 
fever. 

EXTRACTION   OF  POLLEN. 

Dunbar  extracted  the  pollen  with  distilled  water  or  salt  solu- 
tion, aided  by  freezing  and  thawing. 

Noon's  method  was  practically  the  same  as  Dunbar's  with  the 
exception  that  Noon  sterilized  his  extract  by  boiling  in  sealed 
glass  tubes. 

Koessler  first  thoroughly  broke  up  the  dried  pollen  in  an  agate 
mortar  and  then  extracted  with  8.5  per  cent  saline  solution.  This 
extract  was  diluted  with  ten  times  its  volume  of  distilled  water 
to  make  a  .85  per  cent  solution  of  salt.  He  used  0.25  per  cent 
phenol  as  a  preservative.  He  also  prepared  a  desiccated  extract 
by  precipitating  his  saline  extract  with  ten  times  its  volume  of  95 
per  cent  alcohol,  the  precipitate  being  filtered  and  dried.  Koessler 
claims  that  his  saline  extract  deteriorates  very  rapidly,  producing, 
by  progressive  proteolysis,  a  toxic  product  within  8  to  10  days. 
He  maintains  that  his  concentrated  extract  can  be  kept  on  ice  for 
three  weeks. 

Goodale  makes  a  13  to  15  per  cent  alcoholic  extract.  He  also 
makes  the  statement  that  his  extract  will  deteriorate  within  a 
short  time,  especially  if  exposed  to  the  air. 

Sormoni""  extracted  first  with  distilled  water,  after  which  he 
made  a  physiologic  salt  solution  and  added  carbolic  acid  as  a 
preservative. 

Oppenheimer  and  Gottlieb"''  -^  extracted  the  pollen  with  5  per 
cent  sodium  chloride  in  0.5  per  cent  carbolic  acid  solution  after 
being  ground  in  mortar  with  sand.  The  mixture  was  then  placed 
in  a  thermostat  for  72  hours,  after  which  it  was  precipitated  with 
eight  volumes  of  absolute  alcohol  and  filtered  quickly.  The 
aqueous  extract,  according  to  these  authors,  deteriorated  on 
standing. 

Lowdermilk-"  first  ground  the  pollen  in  a  damp  state  with  0.5 
per  cent  carbolic  acid  solution.  It  was  then  diluted  and  stock 
solution  allowed  to  stand  in  a  cool  place. 
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Clews^"  first  removed  the  oily  membrane  from  the  pollen  with 
acetone  before  extracting. 

Cooke--  extracted  with  0.8  per  cent  sodium  chloride  in  n/100 
NaOH  in  a  mortar  with  sand,  precipitated  with  three  volumes  of 
acetone  and  redissolved  in  0.8  per  cent  sodium  chloride,  and  then 
filtered  through  a  Berkefeld  filter.  His  later  work  was  done  with 
an  extract  which  was  not  precipitated. 

The  author,  after  trying  several  of  the  preceding  methods, 
found  that  the  simplest  was  the  most  practical.  He  ground  the 
pollen  in  a  ball  mill  with  0.85  per  cent  saline  solution  in  0.5  per 
cent  high  coefticient  phenol.  This  mixture  was  diluted  and 
shaken  for  24  hours,  after  which  it  was  filtered  through  a  Berke- 
feld candle  and  then  standardized.  The  final  extract,  unlike 
those  of  Koessler,  Goodale  and  others,  will  not  readily  deteriorate. 
It  has  been  found  potent  in  a  dilution  of  1  to  100,000  in  room 
temperature  over  a  year  after  its  preparation,  and  after  two  years 
when  kept  at  refrigerator  temperature.  It  is  the  author's  opinion 
that  an  aqueous  extract,  if  properly  prepared,  will  remain  stable 
under  ordinary  conditions  for  at  least  two  years. 

STANDARDIZATION    OF   EXTRACTS. 

There  are  practically  but  two  methods  of  standardizing  pollen 
extracts ;  one  based  on  Noon's  method  of  diluting  an  extract 
made  from  a  certain  amount  of  pollen  and  the  other  by  determin- 
ing the  total  nitrogen  in  a  given  amount  of  extract  and  diluting 
accordingly.  In  both  cases  the  extracts  are  compared  with  an 
arbitrarily  determined  unit. 

Noon's  method,  which  is  the  simplest,  was  followed  by  the 
author.  Noon  chose,  as  an  arbitrary  unit,  that  quantity  of  pollen 
toxin  which  can  be  extracted  from  the  thousandth  part  of  a 
milligram  of  pollen.  In  other  words,  one  gram  of  pollen  contains 
one  million  units  of  pollen  toxin  (active  principle  or  protein). 
\\'ith  this  extract  he  determined  the  dilution  which  just  gave  an 
ophthalmic  reaction  in  a  susceptible  individual,  and  regulated  the 
doses  accordingly.  Until  more  is  known  of  protein  sensitization 
and  its  relation  to  the  action  of  pollen  extracts,  this  seems  to  be 
the  most  rational  and  the  safest  method  of  controlling  the  ad- 
ministration of  the  extracts,  as  it  would  be  impossible  to  give  any 
but  a  safe  dose.     Even  if  every  lot  of  pollen  extract  were  stand- 
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ardized  according  to  the  nitrogen  content,  the  resistance  of  the 
patient  should  be  determined,  as  with  Noon's  extract,  for  all 
sensitized  individuals  are  not  resistant  to  the  same  degree. 

In  order  to  simplify  the  method  of  administering  the  extracts 
as  much  as  possible  the  author  made  three  dilutions  as  follows : 

Dilution  No.  1,  1-100, OCU  or  10  units  per  c.c. ;  No.  2,  1-10,000 
or  100  units  per  c.c. ;  No.  3,  1-1000  or  1000  units  per  c.c.  With 
these  dilutions  any  amount  of  extract  may  be  injected  from  one 
unit  or  less  up  to  1,000  units,  and  by  using  a  graduated  syringe 
the  amounts  will  range  from  .1  c.c.  to  1  c.c,  it  not  being  necessary 
to  inject  more  than  1  c.c.  at  one  time.  I^^ven  with  an  ordinary 
syringe  the  calculations  can  be  made  with  enough  accuracy  to 
warrant  the  injections  being  given  with  safety. 

REPORT  OF  CASES. 

At  this  time  the  author  wishes  to  report  the  results  of  the 
prophylactic  treatment  of  127  cases,  9  treated  with  timothy  pollen 
extract  and  118  with  ragweed  pollen  extract. 

All  but  two  of  these  cases  were  diagnosed  with  the  intra- 
cutaneous test;  100  unit  solution  being  used.  The  remaining 
cases  were  diagnosed  with  the  cutaneous  test ;  1000  unit  solution 
being  used. 

Of  these  127  cases,  86  (68  per  cent)  weathered  the.  pollen 
season  with  practically  no  symptoms.  These  cases  were  tabulated 
as  relieved.  Twenty-two  cases  (17  per  cent)  were  more  or  less 
relieved,  although  at  times  they  were  greatly  annoyed  with  symp- 
toms of  hay  fever;  tabulated  as  benefited.  Nineteen  cases  (15 
per  cent)  were  not  relieved — in  fact  two  cases  were  made  worse 
by  the  treatment. 

RESULTS  OF  PREVIOUS   IX V]:STIGATORS. 

It  is  impossible  to  compare  the  results  of  previous  workers, 
as  all  cases  were  not  tabulated  the  same,  and  all  extracts  were  not 
prepared  under  similar  conditions.  The  conclusions,  therefore, 
can  only  be  tentative,  but  at  least  they  give  an  idea  of  the  general 
trend  of  results : 

Some   authors,   in  their  tabulations,   use  the  terms   "cured," 
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"greatly  relieved,"  and  "not  relieved."  As  it  is  impossible  to  say 
whether  a  case  is  cured  or  relieved  for  the  season  only,  the  author 
has  tabulated  all  cases  under  three  headings:  relieved,  benefited 
and  negative.  All  cases  tabulated  as  cured  and  greatly  relieved 
under  the  heading  relieved,  and  all  cases  more  or  less  relieved 
under  the  heading  benefited.  * 

The  following  tabulations  are  of  the  cases  treated  with  pollen 
extract  reported  in  the  literature  to  date,  with  a  comparison  of 
the  present  series: 


PROPHYLACTIC   TREATMENT. 


Avithor 

Sormoni     

Others    reported    by    Sormcni. 

Lowdermilk      

Manning-"     

Oppenlieimer     and     Gottlieb... 

Ellern^"^      

Clowes     

Howe^'      

Stror.se    and    Frank^- 

Cooke    and    Vander     Veer.  .  .  . 


Total    

Present    series 


Total    prophylactic 


Author 
Oppenheimer   and    Gottlieb.. 

Sormoni      

Others    reported    by    Sormoni 

Lowdermilk      

UlrichS"     

Strouse  and    Frank 

Howe     

l.ovelI=*      

Cooke    and    \'ander    Veer... 


Cases, 

Relieved, 

Benefited, 

Negative, 

number 

percent. 

percent. 

uercent. 

14 

85.7 

14.3 

19 

100 

3 

100 

21 

66.6 

10 

14.4 

S4 

83.3 

16.7 

13 

46.2 

38.5 

15.3 

8 

100 

16 

62.5 

37.5 

16 

25 

37.5 

37.5 

450 

71 

18.5 

10.5 

C44 

74.3 

11.3 

14.7 

137 

67.7 

17.3 

15 

771 

70.9 

14.3 

14.8 

TREAT:kIENT. 

Cases, 

Relieved, 

Benefited, 

Negative, 

number 

percent. 

percent. 

percent. 

15 

53.3 

46.7 

12 

33.3 

25 

41.7 

3 

100 

16 

81.2 

18.8 

11 

90.9 

9.1 

o 

60 

40 

26 

42.3 

57.7 

5 

100 
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69.2 

23.1 

7.7 

Total 


ro.o 


TYPE   OF  TREATMENT   NOT   SUFFICIENTLY   DESIGNATED. 


Author 

Noon    and    Freeman 

Koessler      


Total 


Cases, 
number 

84 

41 

125 


Relieved, 

percent. 

64.3 

80.5 

72.4 


Benefited, 
percent. 
26.2 
12.2 

19.2 


Negative, 

percent. 

9.5 

7.3 

S.4 


TOTAL  OF  ALL  CASES. 


Type    of   Tfeatmcnt 

Prophylactic     

Phylactic      

Type   of   (rcatment   i^ot  designated.. 

Total      


Cases, 

Relieved, 

Benefited, 

Negative, 

number 

percent. 

percent. 

percent. 

771 

70.9 

14.3 

14.a- 

302 

70.0 

16.2 

13.8 

l-.'o 

72.4 

19.2 

8.4 

1,198 


19.5 


12.4 
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NEGATIVE   CASES. 

Of  the  negative  cases  there  are  manifestly  three  separate 
classes  or  types :  those  that  are  not  desensitized,  those  that  are 
made  worse  by  the  treatment,  and  those  that  are  desensitized  to 
one  pollen  while  remaining  sensitive  to  some  other  pollen  or 
pollens. 

No  doubt  many  of  those  in  the  first  class  would  finally  reach 
a  state  of  complete  anti-anaphylaxis  if  larger  doses  of  the  extracts 
were  given.  This  method  would  theoretically  call  forth  and  use 
up  the  remaining  specific  proteolytic  enzymes.  A  few  individuals 
are  found  who  will  stand  and  apparently  demand  larger  doses  of 
the  proteins  before  a  proper  neutralization  of  their  ferments  is 
obtained.  For  patients  of  this  type  the  doses  should  be  increased 
and  treatment  should  continue  even  after  the  pollen  season  has 
begun  and  symptoms  of  hay  fever  made  their  appearance. 

On  the  other  hand  it  is  hard  to  explain  why  some  patients  are 
made  worse  by  the  treatment.  As  a  rule  this  type  of  a  case  will 
stand  the  treatment  up  to  about  200  to  300  units  and  then  symp- 
toms of  hay  fever  will  appear  after  each  treatment,  as  severe  and 
at  times  worse  than  the  disease  as  found  during  the  pollen  season. 
Attempts  have  been  made  to  desensitize  these  patients  by  repeat- 
ing the  treatment,  starting  again  with  small  doses  and  gradually 
increasing  them,  but  they  have  failed.  When  the  dose  reaches  a 
certain  size,  symptoms  will  again  appear.  It  is  a  question  whether 
favorable  results  would  not  follow  if  the  proteins  were  intro- 
duced by  some  other  route. 

In  order  to  relieve  those  of  the  third  type  it  would  be  neces- 
sary to  determine  the  individual  pollen  producing  the  symptoms 
and  treat  accordingly. 

REMARKS. 

1.  The  1-1000  solution  (1000  units)  should  be  used  for  the 
cutaneous  diagnostic  test. 

2.  The  1-10,000  solution  (100  units)  should  be  used  for  the 
intracutaneous  diagnostic  test. 

3.  It  is  not  necessary  at  first  to  test  the  resistance  of  the  pa- 
tient, as  the  large  majority  react  with  the  1-100,000  solution  (10 
units).     It  is  safe  to  start  all  cases  with  two  units  and  increase 
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the  dose  as  rapidly  as  ])()ssible,  depending  upon  the  general  reac- 
tion of  the  patient  to  the  extract;  injections  being  given  about 
every  two  or  three  days.  If  symptoms  of  hay  fever  make  their 
ajipearance  as  a  result  of  the  injections,  the  dose  is  too  large,  and 
the  subsequent  doses  should  be  smaller. 

4.  I-",xperience  has  taught  that  the  average  individual  re(|uires 
from  ten  to  hftecn  injections — not  exceeding  1000  units  for  the 
linal  dose — to  produce  the  resistance  necessary  to  insure  against 
attack.  In  other  words,  it  takes  al)Out  3000  luiits,  or  the  extract 
from  three  milligrams  of  ])()llen.  to  completely  desensitize  a 
patient. 

.").  Vov  ph\lactic  treatment  sufficient  figures  are  at  i)resent  not 
available.  Some  cases  have  been  aborted  after  two  or  three  injec- 
tions, while  others  have  received  over  ten  injections  before  any 
signs  of  improvement  have  appeared. 

().  Proi)hylactic  treatment  w  here  possible  is  preferable  to  phy- 
lactic. 

7.  The  (|uestion  naturall}'  arises,  how  long  does  the  a])parent 
innnunity  or  the  desensitization  last?  Freeman''  the  only  writer 
who  has  attempted  to  answer  this  (|uestion  gives  the  following: 
"It  will  be  seen  that  where  a  patient  has  been  inoculated  for  one 
}ear  with  complete  success,  he  has  in  the  next  year  complete,  or 
almost  complete,  immunity,  but  that  in  the  third  year  he  has  only 
slight  innnunity  left.  Where  patients  have  been  successfully 
inoculated  for  two  years,  they  have,  as  might  be  expected,  com- 
plete imnumity  during  the  third  year,  and  time  will  show  how 
long  this  complete  imnumity  will  last.  When  patients  have  been 
only  partially  immunized  for  one  or  two  years,  little,  if  any,  im- 
numity is  carried  over  to  the  year  during  which  they  have  ceased 
the  inoculations."  As  these  deductions  are  based  on  only  twenty 
cases,  it  would  seem  necessary  to  await  further  reports  before 
drawing  any  definite  conclusions.  From  a  theoretical  standpoint, 
Cooke,  Flood,  and  Coca  have  answered  as  follows :  "The  freedom 
from  symptoms  lasts  as  long  as  the  respective  'antigenic'  sub- 
stances remain  in  combination  with  the  antibody-like  substances." 

8.  Railroad  or  automobile  trips,  through  sections  of  the  coun- 
try where  pollen  abounds,  are  extremely  liable  to  break  down  the 
acquired  resistance  of  those  who  would  otherwise  be  free  from 
the  disease  under  the  ordinarv  conditions  of  everv-dav  life.     Fx- 
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treme  exposures  should  be  avoided  as  much  as  possible  as  desen- 
sitization  is  not  always  absolute. 

9.  From  the  present  knowledge  of  protein  sensitization,  multi- 
pollen  extracts  or  extracts  of  pollen  of  different  groups  or  fam- 
ilies to  be  used  in  a  "gunshot"  sense  are  not  indicated. 

CONCLUSIONS. 

When  single  extracts  are  used  and  proper  precautions  taken, 
pollen  extracts  give  us  one  of  the  most,  if  not  the  most,  scientific 
methods  of  prophylactic  treatment  known  to  medicine.  The  rea- 
sons are  these:  the  diagnosis  can  be  made,  the  exact  dose  calcu- 
lated, and  the  resistance  of  the  patient  determined  before,  during 
and  after  the  period  of  treatment. 

Seventy-one  per  cent  of  cases  are  relieved  of  practically  all 
symptoms,  and  at  least  16  per  cent  more  are  more  or  less  bene- 
fited. 
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Studies  from  the  Research  Laboratory 
Parke,     Davis    &    Co. 
Reprint  No.  135.  1917 

(Reprinted   from   The  Therapeutic  Gazette,  Vol.  33,  3d  S.,  Xo.  S,  Aug.  1917,  pp.  536-540.) 

THE  INFLUENCE  OF  THE  METHOD  OF  ADMINISTRA- 
TION UPON  THE  DEGREE  OF  TOXICITY  OF 
STROPHANTHUS  PREPARATIONS. 

By  L.  W.  Rowe,  M.S.,  Detroit. 

(From   the  Research  Laboratory,   Parke,  Davis  &  Co.,   Detroit,  Michigan.) 

The  use  of  strophanthus  in  therapeutics  as  a  heart  tonic  is 
becoming  more  wide-spread  from  year  to  year.  DigitaHs  has  for 
a  long  time  been  the  favorite  cardiac  remedy  and  still  maintains  a 
high  degree  of  usefulness,  but  its  slow  and  more  cumulative  ac- 
tion contrasted  with  the  more  rapid  and  more  certain  effect  of 
an  active  principle  such  as  strophanthin  is  largely  the  reason 
for  the  increased  use  of  strophanthus  preparations.  There  is 
another  factor  which  has  greatly  influenced  the  use  of  heart 
tonics  in  general  and  of  strophanthus  in  particular,  and  that  is 
the  increasing  use  of  our  only  means  of  determining  the  activity 
of  these  preparations,  namely,  physiological  standardization.  The 
extreme  potency  and  variability  of  strophanthus  preparations 
have  long  been  recognized  in  an  approximate  sense,  but  it  was 
only  as  recently  as  1897  and  1898,  when  Houghton^  introduced 
the  first  satisfactory  quantitative  method  of  physiologic  assay  for 
heart  tonics,  that  our  knowledge  of  the  comparative  potency  and 
variability  of  strophanthus  preparations  became  definite.  Since 
that  time  the  standardization  of  heart  tonics  by  physiologic  meth- 
ods has  been  slowly  taken  up  and  perfected,  so  that  by  its  aid 
the  manufacture  of  comparatively  uniform  strophanthin  and 
tincture  strophanthus  has  been  accomplished. 

As  the  use  of  strophanthus  increased  the  clinical  data  estab- 
iished  certain  therapeutic  doses  of  each  preparation  for  oral 
administration.  Authorities  differed  somewhat  as  to  the  average 
oral  dose  of  the  most  active  preparations,  ouabain  and  strophan- 
tliin,  largely,  as  they  thought,  because  of  variable  absorption,  but 
since  preparations  are  not  so  extremely  potent  by  oral  adminis- 
tration no  great  harm  was  done  other  than  causing  some 
confusion. 
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The  greatest  trouble  and  confusion  was  experienced,  how- 
ever, when  cHnicians  began  to  follow  the  general  trend  of  recent 
medication  and  to  administer  strophanthin  hypodermically  or  in- 
travenously. The  pharmacology  of  strophanthin  had  not  been 
very  carefully  studied  or  emphasized,  though  Hatcher  and  Bailey 
in  1908-'  ^  called  attention  in  a  rather  general  way  to  the  increased 
toxicity  of  strophanthin  when  administered  hypodermically.  This 
warning  was  apparently  not  heeded,  as  the  physician  in  most 
cases  has  followed  the  generally  accepted  rule  of  using  about 
half  the  recognized  oral  dose  for  each  hypodermic  or  intravenous 
administration. 

The  serious  difficulties  encountered  in  hypodermic  usage  de- 
mand that  further  attention  he  draivn  to  the  someivhat  peculiar 
action  of  strophanthus  preparations  in  order  to  emphasize  and 
thereby  minimize  the  danger  attending  their  hypodermic  or  intra- 
venous administration.  It  is  with  this  purpose  in  mind,  as  well 
as  with  a  desire  to  add  to  our  scientific  knowledge  of  the  com- 
parative activity  of  such  important  drugs,  that  I  have  carried  out 
a  series  of  experiments  which  may  be  briefly  outlined  as  follows : 

Four  strophanthus  derivatives  which  have  been  or  which  might 
be  used  for  hypodermic  administration  were  selected,  namely, 
Kombe  Strophanthin,  Ouabain  (Gratus  Strophanthin),  Tr.  Stro- 
phanthus U.S. P.  9th  Rev.,  and  Strophanthone  Dilute.  The  degree 
of  toxicity  of  each  was  carefully  determined  by  three  different 
methods  of  administration,  namely,  oral,  subcutaneous  and  intra- 
venous. The  animal  used  throughout  the  experiments  was  the 
guinea-pig. 

The  sample  of  Kombe  Strophanthin  (the  strophanthin  from 
pharmacopoeial  drug)  used  was  one  of  Merck's  products,  which 
had  been  assayed  by  the  M.L.D.  frog  method  and  found  to  be 
of  average  activity  (100,000  H.  T.  U.  per  gramme  based  on  an 
M.L.D.  to  frogs  of  .0000010  grm.). 

The  sample  of  ouabain  used  was  a  Merck  product  which  had 
previously  been  found  to  be  the  most  active  of  three  samples 
examined  by  the  one-hour  frog  method,  but  which  contained 
185200  H.  T.  U.  per  gramme  when  tested  by  the  M.L.D.  method. 
It  was  consequently  not  quite  twice  as  active  as  the  Kombe  Stro- 
phanthin by  the  latter  method. 

Tincture  of  Strophanthus,  though  not  adapted  to  hypodermic 
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or  intravenous  injection  in  the  undiluted  form,  is  however  so 
active  that  it  can  be  dikited  to  such  a  degree  if  occasion  should 
arise,  that  it  could  be  injected  hypodermically  without  serious 
results.  It  was  therefore  thought  advisable  to  determine  the  in- 
travenous and  subcutaneous  M.L.D.'s  of  this  preparation  in  order 
to  make  the  comparisons  more  complete.  The  average  tincture 
has  1300  H.  T.  U  per  mil. 

Strophanthone  Dilute  was  the  fourth  and  last  member  of  the 
series.  This  is  an  aqueous  solution  of  the  active  ingredient  of 
strophanthus  and  consequently  is  well  adapted  to  hypodermic  and 
intravenous  administration.  It  is  standardized  by  physiologic 
assay  and  contains  100  H.  T.  U.  per  mil  in  ampoules. 

The  following  tables  give  the  results  of  toxicity  tests  of  the 
four  preparations  upon  guinea-pigs,  three  different  methods  of 
administration  being  used : 


TARLF. 

I. 

Kombe 

Strophanthin 

—0 

ra 

A  dm 

'nistration. 

Pig 

Dose  in  gm. 

Total 

No. 

Wt.,  gms. 

per  gm. 

Dil. 

dose. 

Result. 

1 

296 

.000015 

1-100 

.44 

Lived 

2 

328 

.OOOOiO 

.66 

Lived 

3 

290 

.000025 

.73 

Lived 

4 

255 

.000025 

.64 

Lived 

5 

247 

.000030 

.74 

Lived 

6 

240 

.000035 

.84 

Died 

7 

265 

.000030 

.80 

Lived 

8 

262 

.000030 

.79 

Lived 

9 

247 

.1100035 

sr 

Lived 

10 

247 

.(100035 

.87 

Lived 

11 

316 

.000033 

1.11 

Lived 

12 

341 

.000040 

1.36 

Died 

13 

291 

.000040 

1.16 

Lived 

14 

354 

.000040 

1.42 

Lived 

15 

327 

.000040 

1.31 

Lived 

16 

317 

.000045 

1.43 

Died 

17 

291 

.000045 

1.31 

Died 

18 

301 

.000045 

1.35 

Died 

M.L.D. 

of    Kombe     Strc 

phanthin     ora 

lly 

is 

.000015    gramme    per 

gramme 

weight. 

T.M5I.E 

ir 

Ouabain    (Grains    Stiothai 

thin)- 

-Oral 

Administration. 

Pig 

Dose  in  gm. 

Total 

No. 

Wt.,  gms. 

per  gm. 

Dil. 

dose. 

Result. 

1 

.S39 

.000005 

-500 

.85 

Lived 

2 

394 

.000015 

2.95 

Died 

3 

SOO 

.000010 

-100 

.30 

Lived 

2 

316 

.000010 

.Zi 

Lived 

5 

323 

.000010 

.32 

Lived 

6 

339 

.000012 

.41 

Lived 

7 

296 

.000015 

.45 

reived 

8 

286 

.000015 

.43 

Lived 

9 

263 

.000015 

.39 

Lived 

10 

336 

.000020 

.67 

Died 

11 

254 

.OOOO-.'O 

.51 

Died 

12 

248 

.000020 

.50 

Died 

M.L.D. 

of  Ouabain   oral 

y   is  .000020  ( 

?ramme  per 

gramme  body    »vei 

gilt. 

body 
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TABLE 

III. 

Tincture 

St 

rofliaiithus    U.   S. 

P.^Oral 

Administration. 

Pig 

Dose  in  Cc. 

Total 

No. 

Wt.,  gms. 

per  gni. 

Dil. 

dose,  Cc. 

Kesul 

1 

454 

.0008 

1-3 

1.09 

Lived 

2 

465 

.0010 

1.40 

Lived 

3 

463 

.0012 

1.07 

Lived 

4 

457 

.0015 

2.06 

Lived 

5 

428 

.0018 

2.31 

Lived 

6 

500 

.OOIS 

1-2 

1.80 

Lived 

7 

554 

.0020 

2.22 

Died 

8 

584 

.0020 

2.34 

Died 

9 

566 

.0020 

None 

1.13 

Died 

10 

518 

.0020 

]-2 

3.07 

Died 

11 

540 

.0022 

2.38 

Died 

12 

383 

.0022 

1.68 

Died 

13 

430 

.0025 

2.15 

Died 

14 

475 

.0025 

2.38 

Died 

15 

381 

.0025 

1.91 

Lived 

16 

362 

.0025 

1.81 

Died 

17 

441 

.0030 

2.65 

Died 

L.D. 

of  Tr.    Stroph. 

orally   is    .0020   mil    per   gr 

amme   body   weigh 

t. 

T.\BLE 

IV. 

Strc 

>t>hanthonc  Dilute — Oia!  Administration. 

Pig 

Dose  in  Cc. 

Total 

No.  ■ 

Wt.,  gms. 

per  gm. 

Dil. 

dose, mils. 

Result. 

1 

225 

.09 

None 

20.25 

Died 

2 

2.V2 

.08 

20.00 

Died 

3 

280 

.07 

19.60 

Died 

4 

293 

.06 

17.58 

Died 

5 

212 

.05 

10.60 

Died 

6 

257 

.04 

10.28 

Died 

7 

281 

.03 

8.43 

Lived 

S 

260 

.04 

10.40 

Lived 

9 

287 

.04 

11.48 

Lived 

10 

303 

.03 

9.09 

Lived 

11 

327 

.03 

9.81 

Lived 

12 

378 

.02 

7.56 

Lived 

13 

358 

.05 

17.90 

Lived 

]4 

320 

.05 

16.00 

Lived 

15 

330 

.00 

19.80 

Died 

16 

230 

.00 

13.80 

Died 

M.L.D.   of   Strophanthone   Dilute   orally   is   .060   mil   per  gramme   body   weight. 


TABLE   V. 


Kombc   Stroplianthin — Subcutaneous  Administration. 


Pig 

Dose  in  gm. 

Total 

No. 

Wt.,  gms. 

per  gm. 

Dil. 

dose. 

Result. 

1 

393 

.0000008 

1-6000 

1.45 

Died 

2 

248 

.0000009 

1.34 

Died 

3 

316 

.0000007 

1.33 

Died 

4 

320 

.0000006 

1.15 

Died 

5 

340 

.0000005 

1.02 

Died 

6 

461 

.0000004 

1-8000 

1.48 

Lived 

7 

412 

.0000005 

1.65 

Died 

8 

384 

.0000006 

1.84 

Died 

9 

298 

.0000004 

1-5000 

.60 

Lived 

10 

297 

.0000004.'. 

.67 

Died 

11 

291 

.00000045 

.65 

Died 

M.L.D.'  of  Kombe    Strophanthin   subcutaneously   is 
body    weight. 


,00000045   gramme   per   gramme 
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TAIU.K    \' 


Ouabain     (Gratiis     Strofhaiitlun)—Subctitaiicoiis     .Idministration. 


Pig 

No. 

1 
2 
3 
4 

6 
7 
S 
9 
10 
M.I-.D. 


Pig 

No. 

1 
2 
3 

4 


Wt.,  gms. 
4.->2 
406 
37.5 
423 
3")-) 
321 
355 
325 
314 
27S 


Dose  in  gm. 

per  gni. 
.00000020 
.00000025 
.110000030 
.00000025 
.00000030 
.000000:20 
.00000015 
.00000025 
.00000025 
.00000035 


Dil. 
1-10,000 


Total 

dose. 

.00 

1.02 

1.13 

i.or, 

1.07 
.64 
.53 
.81 
.79 
.69 


Result. 

Lived 

Lived 

Died 

Died 

Died 

Lived 

Lived 

Lived 

Died 

Lived 


of  Ouabain   subcutaneously  is   .00000030  gramme  per  .gramme  body  weight. 


10 
11 

12 
13 
^LL.D. 
v.cight. 


TABLE  VIL 
Tr.    Strofhanthus    U.   S.    F.-^S':ibciitancc 

Dose  in  Co. 
Wt.,  gms.  per  gm.  Dil. 

256  .00003  1-50 

331  .00005 

311  .00007 

363  .00003 

347  .00004 

346  .00005 

367  .000045 

350  .000045 

382  .000040 

355  .000040 

310  .000040 

336  .000035 

.■;02  .000040 
of    Tr.    Strophanihus    subcutaneously    is 


Adnuiiistratioii. 

Total 
dose. 


.38 
.83 
1.09 
.54 
.69 
.87 
.S3 
.83 
.78 
.71 
.62 
.59 
.00 

.000045    mil 


Result. 
Lived 
Died 
Died 
Lived 
Lived 
Died 
Died 
Died 
Died 
Died 
Lived 
Lived 
Lived 
per    gramme    body 


TABLE    VI IL 
Strothaiithone   Dilutc—Siibciitancously   Administered. 


Pig 

Dose  in  Cc. 

Total 

No. 

W 

t.,  gms. 

per  gm. 

Dil. 

dose. 

Result. 

1 

■,'80 

.0004 

1-5 

.56 

Lived 

2 

233 

.0006 

.70 

Died 

3 

226 

.0008 

.90 

Died 

4 

367 

.0004 

.73 

Lived 

5 

353 

.0005 

.88 

Lived 

6 

320 

.0006 

.96 

Lived 

7 

352 

.0006 

1.06 

Died 

8 

347 

.0007 

1.22 

Died 

9 

345 

.0007 

1.21 

Died 

10 

328 

.0005 

.SI 

Lived 

11 

309 

.0007 

.93 

Died 

M.L.D. 

of    St 

rophanthonc 

Dilute    subcutaneously   is    .00060    mil    per 

gramme    body 

weight. 

TABLE 

IX. 

Kotiibe 

St 

ropliaiitltin- 

-1,1 

trareiicus 

Adniinistratijii. 

Pig 
No. 

Dose  in  gm 

Total 

^\ 

t.,  gms. 

per  gm. 

Dil. 

dose. 

Result. 

1 

384 

.0000005 

1-4000 

.77 

Died 

2 

485 

.0000002 

1-5000 

.49 

Lived 

3 

475 

.0000003 

.71 

Lived 

4 

385 

.0000004 

.72 

Died 

5 

493 

.0000003 

.74 

Lived 

6 

340 

.00000035 

.95 

Died 

7 

.332 

.0000003 

.80 

Died 

S 

340 

.0000003 

.83 

Lived 

9 

338 

.00000025 

.68 

Lived 

10 

312 

.00000025 

.87 

Died 

M.L.D. 

of   K 

ombe    Stropl 

lantliin    inti 

avenously    is 

.00000035 

gramme    per    gramme 

body    weigh 

t. 
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TABLE 

X. 

Ouabain  (Grains  Strophanthin) — 

■Intravenous 

A  dministration. 

Pig 

Dose  in  gm. 

Total 

No. 

Wt.,  gms. 

per  gm. 

Dil. 

dose. 

Result. 

1 

376 

.00000020 

1-10,000 

.75 

Died 

2 

342 

.00000010 

.34 

Lived 

3 

354 

.00000015 

.53 

Died 

i 

428 

.00000012 

.51 

Lived 

5 

463 

.00000015 

.69 

Lived 

6 

360 

.00000020 

.72 

Lived 

7 

407 

.00000015 

.61 

Lived 

8 

353 

.00000020 

.71 

Died 

9 

322 

.00000020 

.65 

Died 

10 

335 

.00000015 

.50 

Lived 

M.L.D.    of   Ouabain   intravenously   is   .00000020   gramme   per  gramme   body   weight. 

TABLE  XL 

Tr.  Strophanthus  U.  S.  P. — Intravenously  Administered. 


Pig 

Dose  in  Cc. 

Total 

No. 

Wt.,  gms. 

per  gm. 

Dil. 

dose. 

Result. 

1 

544 

.000020 

1-50 

.54 

Lived 

2 

582 

.000040 

1.16 

Died 

3 

361 

.000050 

.90 

Died 

4 

493 

.000030 

.74 

Died 

5 

476 

.000025 

.59 

Died 

6 

582 

.000020 

.58 

Died 

7 

447 

.000020 

.45 

Lived 

8 

530 

.000015 

.40 

Lived 

9 

577 

.000020 

.58 

Lived 

10 

463 

.000025 

.58 

Died 

M.L.D. 

of    Tr.     Strc 

)phati 

ithus     intravenously     is     . 

000035    mil 

per 

gramme 

weight. 

TABLE 

XIL 

StropU-anthone   Dilute — Intravenously 

Administert 

?d. 

Pig 

Dose  in  Cc. 

Total 

No. 

Wt.,  gms. 

per  gm. 

Dil. 

dose. 

Result. 

1 

550 

.0003 

1-5 

.83 

Lived 

2 

413 

.0005 

1.03 

Died 

3 

357 

.0004 

.81 

Died 

4 

360 

.00045 

.81 

Died 

5 

337 

.00050 

.84 

Died 

6 

375 

.00045 

.84 

Died 

7 

355 

.00040 

.71 

Lived 

8 

375 

.00045 

.84 

Died 

M.L.D. 

of    StrophanI 

thone 

:    Dilute    intravenously    is 

;    .00045    mil 

per 

gramme 

weight. 

e    body 


TABLE  XIII. 

Summarized   Results — Minimum   Lethal  Doses. 


Preparation. 

Orally. 

Subcutaneously. 

Intravenously. 

Kombe  Strophanthin 

.000045  gm. 

.00000015  gm. 

.00000035  gm. 

Ouabain 

per  gm. 
000020  gm. 

ner  gm. 
.0'00000.'?0  gm. 

per  gm. 
.00000020  gm. 

Tr.    Strophanthus    LT.S.P. 

per  gm. 
.0020  mil 

per  gm. 
.000045  mil 

per  gm. 
.000025  mil 

Strophanthone    Dilute 

per  gm. 
.060  mil 

per  gm. 
.00060  mil 

per  gm. 
.00045  mil 

per  gm. 

per  gm. 

per  gm. 

TABLE  XIV. 

Ratio  of  M.L.D.'s  of  the  same  preparation  by  different  methods  of  administration. 

Subcu.  to  " 

Preparation.  oral. 

1.  Kombe    Strophanthin.  100     times. 

2.  Ouabain.  66.6  times. 

3.  Tr.    Strophanthus.  44.4  times. 

4.  Strophanthone  Dil.  100. 0  times. 


Intravenous 

to  oral. 

128.6  times. 

100.0  times. 

80.0  times. 

133.0  times. 


Intr.tvenous 
to  subcu. 
1.28  times. 
1.50  times. 
1.80  times. 
1.33  times. 
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TABLE  XV. 

Toxicity  ratios  of  different  preparations  by  the  same  methods  of  ad»ii>iist''ation. 

Preparation.  Orally.  Subcu.  Intravenouslj". 

K.   Strophanthin    to    Ouabain.  0.44  times.  0.66  times.  0.57  times. 

K.  Strophanthin  to  Tr.  Stroph.  44.4  times.  100.0  times.  711.4  times. 
K.   Strophanthin  to  Strophan- 

thone   Dil.  1333.3    times.  1333.3    times.  1285.7    times. 

Ouabain    to    Tr.    Stroph.  100.0    times.  150.0    times.  125.0    times. 

Ouabain  to  Strophanthone  Dil.  3000.0  times.  2000.0  times.  2-,'50.0  times. 
Tr.   Stroph.   to   Strophanthone 

Dil.  30.0    times.  13.3    times.  18.0    limes. 

TABLE  XVI. 

Toxicity   ratios  for  tli^e  same   preparations,   upon   different  animals. 

Preparations.  Guinea-pigs,  subcu.  Frog,  subcu. 

K.   Strophanthin  to  Ouabain.  0.66  times.  0.5  times. 

K.   Strophanthin  to  Tr.    Stroph.  100.0    times.  77.0  times. 

K.   Strophanthin  to   Strophanthone   Dil.  1333.3    times.  1000.0  times. 

Ouabain    to   Tr.    Stroph.  150.0    times.  153.S  times. 

Ouabain  to  Strophanthone  Dil.  2000.0    times.  2000.0  times. 

Tr.   Stroph.   to   Strophanthone  Dil.  13.3    times.  13.0  times. 

The  first  twelve  tables  give  a  detailed  account  of  each  toxicity 
test  and  need  no  further  comment.  In  the  last  four  tables 
the  results  obtained  have  been  summarized  in  different  ways.  A 
careful  consideration  of  these  tables  serves  to  bring  out  several 
important  and  unusual  facts. 

In  the  first  place,  in  Table  XIV  the  great  differences  in  de- 
grees of  toxicity  of  the  same  preparation  when  administered 
hypodermically  and  when  given  orally  is  clearly  brought  out. 
Thus  Kombe  Strophanthin  and  Strophanthone  are  100  times  as 
toxic  when  given  subcutaneously  as  when  given  orally,  and  even 
Tincture  of  Strophanthus,  which  shows  the  least  difference,  is  44: 
times  as  toxic  by  the  subcutaneous  method  as  by  oral  adminis- 
tration. The  increased  toxicity  by  intravenous  administration 
over  subcutaneous  dosage  is  very  much  less,  being  in  no  case  over 
1.8  times  as  toxic  for  the  same  preparation.  It  is  thus  apparent 
from  this  table  of  relative  toxicities  that  the  satisfactory  thera- 
peutic dose  of  any  of  these  preparations  for  intravenous  or  sub- 
cutaneous vise  cannot  be  derived  from  the  previously  determined 
therapeutic  dose  for  oral  administration  by  the  usual  rule  of 
giving  J  2  to  34  ^s  much.  With  the  ratios  of  toxicity  subcuta- 
neously to  orally  ranging  from  100  to  -tl:  times  for  the  different 
preparations,  serious  results  would  be  almost  certain  to  follow 
the  subcutaneous  administration  of  one-half  the  therapeutic  oral 
dose. 


Hatcher"*  first  observed  the  marked  difference  in  toxicity  of 
strophanthin  when  given  subcutaneously  and  orally.  He  ac- 
counted for  this  fact  partly  by  saying  that  the  excretion  more 
nearly  kept  pace  with  the  slow  absorption  following  administra- 
tion into  the  alimentary  canal.  He  also  advanced  the  theory  that 
strophanthin  may  be  partly  destroyed  in  the  alimentary  canal. 
The  view  held  by  Cushny^  that  because  of  the  glucosidal  nature 
of  strophanthin  the  abnormally  low  oral  toxicity  is  largely  due 
to  destruction  of  the  strophanthin  in  the  alimentary  canal  by  the 
ferments  of  the  digestive  tract,  is  a  very  logical  and  satisfactory 
explanation  of  the  peculiar  action  of  strophanthus.  If  this  be 
true,  the  oral  administration  of  strophanthus  preparations  is 
illogical  and  certain  to  cause  confusing  results,  since  the  destruc- 
tion and  absorption  will  not  be  uniform.  The  absorption  follow- 
ing hypodermic  administration  is  much  more  rapid  and  certain, 
since  there  is  slight  opportunity  for  the  destruction  of  the  active 
principle.  The  greatest  caution  must  be  observed,  however,  par- 
ticularly in  the  intravenous  use  of  strophanthus  preparations,  that 
the  dose  is  not  too  large. 

Strophanthin  for  hypodermic  or  intravenous  use  is  usually 
placed  on  the  market  in  1-mil  ampoules  of  a  1-to-lOOO  solution. 
The  activity  of  such  a  solution  of  the  average  Kombe  Strophan- 
thin, according  to  tests  upon  frogs,  is  just  equivalent  to  that  of 
Strophanthone  Dilute  in  1-mil  ampoules.  For  intravenous  admin- 
istration .5  mil  of  such  solutions  should  be  large  enough  to  pro- 
duce the  desired  therapeutic  effect. 

Ouabain  or  Gratus  Strophanthin  has  been  recently  recom- 
mended for  hypodermic  or  intravenous  use  because  of  its  purity 
and  supposed  uniformity.  Recently  published  tests*'  show  a  lack 
of  uniformity  in  samples  of  ouabain,  but  the  average  activity  is 
about  twice  that  of  Kombe  Strophanthin  (a  statement  first  made 
by  Gley'^),  and  consequently  it  should  be  borne  in  mind  that  only 
half  as  large  a  dose  should  be  given. 

Table  XV  serves  to  show  just  how  much  more  toxic  Kombe 
Strophanthin  and  Ouabain  are  than  Tincture  of  Strophanthus 
and  Strophanthone  Dilute  by  three  methods  of  administration  to 
guinea-pigs.  It  also  shows  how  closely  the  relation  is  maintained 
in  the  different  methods. 

Table  XVI  gives  a  comparison  of  the  toxicities  of  the  differ- 


ent  preparations  as  determined  upon  frogs  and  guinea-pigs.    The 
comparatively  close  agreement  is  rather  remarkable. 

CONCLUSIONS. 

1.  The  subcutaneous  and  intravenous  toxicities  of  the  four 
strophanthus  preparations  tested  are  from  45  to  100  times  as 
great  as  their  oral  toxicities. 

2.  It  has  been  demonstrated  that  the  satisfactory  oral  dose  is 
not  a  true  index  of  the  potency  of  strophanthus. 

3.  To  obtain  the  most  uniform  and  satisfactory  therapeutic 
results  strophanthus  preparations  should  be  administered  hypo- 
dermically.  Extreme  caution  should  however  be  exercised  in 
selecting  a  sufficiently  small  dose  for  subcutaneous  and  intrave- 
nous injection. 
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pp.   338-340.) 

COCCOBACILLUS  (FOETIDUS;  OZAENAE  OF  PEREZ.* 

PLATES  1  AND  2 

Herbert  C.  Ward 

(From   the    Research   Laboratory    of   JParke,   Davis  &   Co.,    Detroit,    Mich.) 

The  coccobacillus  of  Perez  is  of  practical  interest  because  of 
its  supposed  role  in  the  ozena  stage  of  atrophic  rhinitis.  It  has 
been  isolated  from  ozena  by  Horowitz,  Perez,  Hofer,  and  in 
this  country  by  Horn  and  Ward.^  So  far  the  reports  have  not 
dealt  extensively  with  the  character  of  the  organism,  and  in 
this  article  are  given  the  principal  results  of  a  study  of  several 
strains  both  from  luiropean  sources  and  obtained  here  from 
patients. 

Nasal  exudates  arc  inoculated  in  broth  tubes  and  incu- 
bated for  3  5-20  hours,  when  subcultures  are  made  on  other 
media.  This  is  a  good  method  because  the  Perez  bacillus  prac- 
tically outgrows  the  other  organisms  introduced  into  the  broth. 
The  following  statements  are  based  on  the  detailed  study  of  12 
strains  selected  from  ."iO  isolated  altogether: 

The  bacillus  is  small,  varies  in  diameter,  the  ratio  of  breadth  to  length 
being  1 :1-1  :4.  Some  of  the  strains  assume  distinctly  bacillary  forms  on  all 
media,  while  others  are  often  coccoid.  Coccoid  forms  occur  especially  in 
liquid  medium  and  in  mass  growths;  on  potato  atypical  forms  are  fre- 
quent. The  bacillus  forms  no  chains,  no  spores,  is  gram-negative,  but 
otherwise  stains  readily.  The  European  strains  are  non-motile,  and  this 
is  the  case  also  with  strains  isolated  here,  although  some  appear  to  have 
become  motile  on  cultivation,  while  others  seemingly  have  been  sluggishly 
motile  from  the  first. 

The  organism  is  easily  cultivated.  Agar  colonies  are  moist,  round, 
translucent,  bluish  pale,  about  2  mm.  in  size,  the  center  after  a  few  days 
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assuming  a  yellow-brown  tinge.  On  agar  slants  luxuriant  growth  develops, 
moist,  translucent,  with  wavy  borders,  faint  yellow-brown  streaks  appear- 
ing in  older  cultures,  without  odor.  Agar  stabs  give  a  good  growth,  with- 
out pigmentation  as  a  rule,  the  growth  at  the  end  of  the  puncture  being 
slight.  After  5  days  at  Z7°  C,  gelatin  stabs  develop  a  uniform  turbidity 
without  liquefaction.  On  blood  serum  the  growth  is  moist,  glistening, 
faintly  yellowish,  and  without  odor.  On  potato  there  develops  a  moderate, 
moist,  gray  or  faintly  yellow  growth,  without  odor.  Broth  becomes  turbid 
in  a  few  hours  ;  in  old  cultures  a  delicate  blue  film  forms  on  the  surface 
and  an  unpleasant  nauseating  odor  develops,  different  from  that  pro- 
duced by  B.  proteus,  B.  coli,  and  the  cocci.  A  small  amount  of  acid  is 
produced  in  litmus  milk  without  clotting  after  7  days.  Dextrin,  levu- 
lose,  lactose,  saccharose,  maltose,  glycerol,  inulin,  and  mannite  are  not 
fermented;  glucose  alone  is  reduced,  but  fresh  cultures  may  not  act  until 
3-5  days;  after  10  days  the  amount  of  gas  produced  may  run  15-75%;  the 
ratio  of  CO^  :H  :  :  2 :3.  In  broth  to  which  litmus,  methylene  blue,  or 
neutral  red  have  been  added,  there  is  complete  reduction  in  3-4  days. 

In  deep  gelatin  colonies  pigment  develops,  so  that  after  24-72  hours 
the  center  of  the  colonies  appears,  by  transmitted  light,  as  a  mahogany- 
brovv^n,  lobulated  mass  within  a  lighter  brown  zone,  and  after  4-5  weeks 
at  room  temperature  the  colonies  may  appear  as  black  dots  on  a  white 
background.  Occasionally  old  broth  cultures  develop  a  color  so  that  they 
look  like  turbid  claret. 

The  action  of  the  bacillus  on  protein  material  is  characteristic.  In 
Dunham  medium  peptones  are  broken  up  and  indol,  skatol,  ammonia, 
hydrogen  sulphid,  methjdmercaptan,  and  other  by-products  are  formed. 
The  same  sort  of  decomposition  occurs  also  in  broth,  the  process  being 
only  partly  interfered   with   by  carbohydrates. 

Undoubtedly   the   odor   in   ozena    and   the   odor   of    broth   cultures   of 
Perez'  bacillus  is  due  to  volatile  sulphur  compounds. 

In  rabbits  the  intravenous  injection  of  culture  filtrates  may  cause 
death  in  48  hours,  and  the  injection  of  killed  and  washed  bacilli  may  give 
rise  to  ulceration.  No  evidence  of  the  formation  of  a  true  bacterial  toxin 
has  been  obtained.  The  intravenous  injection  of  living  cultures  in  rab- 
bits produces,  as  shown  by  Perez  and  others,  increased  secretion  from 
the  nose,  a  thin  watery  discharge  developing,  which  later  becomes  muco- 
purulent. It  is  possible  to  establish  in  this  way  a  chronic  condition,  with 
crusts  about  the  nostrils.  The  bacillus  is  easily  recovered  from  the  nose, 
and  may  be  recovered  from  the  blood,  spleen,  and  other  organs.  When 
large  doses  are  given,  death  may  occur  within  a  short  time;  after  smaller 
doses,  death  may  occur  after  several  weeks,  preceded  by  emaciation. 
Some  rabbits  are  immune. 

After  subcutaneous  injections,  at  i-7  day  intervals  of  increasing 
quantities  of  culture  500,  heated  for  10  minutes  at  60°  C,  agglutinins 
were  developed  that  c'umped  European  and  American  strains  in  dilutions 
of  the  serum  of  1  :2000.  All  the  strains  mentioned  in  Table  1  were  agglu- 
tinated bv  the  same  immune  rabbit   serum  diluted   1  :1000. 


TABLE    1. 

iNTRAVEiNOL'S    INJECTIONS    OF    PeREZ'    BaCILI.US. 


Strains 

Dose,   C.c. 

Nasal    and    General    Reactions 

Result 

500 

2.5 

Marked    nasal    secretion 

Died   in   24   hours 

500 

2.0 

Nasal   crusts,   emaciation 

Died   in    42    days 

500 

2.0 

Nasal   crusts,   emaciation 

Died    in    32    days 

500 

2.0 

Nasal   crusts,   emaciation 

Died    in    17    days 

12.2 

3.0 

Moderate  secretions 

Died  in   15  hours 

12.2 

2.0 

Moderate  secretions 

Died    in    5    days 

12.2 

1.5 

Slight    secretions 

Recovery 

12.2 

1.0 

Slight    secretions 

Recovery 

23.6 

2.(t 

Moderate   secretions 

Died   in   57   days 

23.6 

1.0 

Moderate   secretions 

Died  in  3  months 

23.6 

1.0 

Slight    secretions 

Recovery 

23.6 

(1.7 

Slight    secretions 

Recovery 

11.3 

3.0 

Marked  secretions 

Died  in   18  hours 

11.3 

2.0 

Marked  secretions 

1   ltd  in    12    hours 

11.3 

2.0 

Marked  secretions 

Died  in   24   hours 

11.3 

1.0 

Slight    secretions 

Recovery 

29.1 

2.5 

Marked  secretions 

Recovery 

29.1 

2.0 

Slight    secretions 

Recovery 

29.1 

1.0 

Slight    secretions 

Recovery 

29.1 

7 

Marked  secretions 

Died   in  48  hours 

71.4 

7 

Slight    secretions 

Died   in   24   hours 

8.2 

1.0 

Slight    secretions 

Recovery 

8.3 

1.0 

Slight    secretions 

Recovery 

500H 

1.0 

Slight    secretions 

Died    in    4    days 

The  characteristics  of  the  bacillus  of  Perez  may  be  summar- 
ized as  follows :  It  is  gram-negative,  grows  well  in  mixed  broth 
cultures,  ferments  glucose,  decomposes  proteins  with  the  rapid 
formation  of  mercaptan,  produces  a  characteristic  pigment  in 
gelatin,  and  evokes  specific  agglutinins  in  rabbits.  These  char- 
acteristics are  adecpate  to  distinguish  it  from  other  bacilli,  with 
which  it  may  be  associated,  such  as  B.  pyocyaneus,  B.  coli,  B. 
mucosus,  B.  proteus,  and  B.  bronchisepticus.  The  bacillus  is 
readily  cultivated  from  the  exudate  in  ozena,  with  which  condi- 
tion it  is  closely  associated. 


EXPLANATION  OF  PLATES 
Plate  1 

Figs.  1,  5.     European  strains,  24-hour  agar  growths.     X1200. 
Figs.  2,  3,  4.     American  .^^trains,  24-hour  agar  growths.     X1200. 

Plate  2 

Fig.  6.  Pigment  in  gelatin  cuhure  after  1  month  at  room  temperature, 
American  strain. 

Fig.  7.  Pigment  in  gelatin  culture  after  1  month  at  room  temperature, 
Vienna  strain. 

10593S 


ri.xTi-.  1 


Plate  2. 
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(Keprinted  from  tlie  Jouinal  of  the  American   Vctcrinarx  Medical  Association,   Vol.   Hi. 
X.  S.,  \'ol.   5,   No.   2,   Nov.,    1917,   pp.   177-184.) 

NOTES  IN  REGARD  TO  BOTS,  GASTROPHILUS  SPP. 

Maurice  C.  Hall,  Ph.D.,  D.V.M. 

Parasitologist,  Research   Laboratory  of   Parke,   Davis  &   Company,   Detroit,   Mich. 

In  connection  with  some  anthelmintic  investigations,  the  writer 
has  taken  occasion  recently  to  test  the  efficacy  of  carbon  bisul- 
phide in  expelling  bots  from  horses.  Carbon  bisulphide  has  been 
used  for  this  purpose  for  some  years  and  has  been  generally 
satisfactory,  so  far  as  clinical  observation  shows  anything;  it 
removes  bots,  often  in  large  numbers.  This  treatment  was  advo- 
cated by  Perroncito  and  Bosso  in  l<Sf)4,  and  subsequently  found 
efficacious  by  Wessel,  Taar,  Bugarli,  Cognesi,  Hanke,  Kroning. 
Nieder  and  others.  It  was  recommended  in  the  Weekly  News 
Letter  of  September  10,  1913,  issued  by  the  U.  S.  Department 
of  Agriculture.  I  have  been  told  that  tests  of  the  treatment  were 
conducted  by  Dr.  Cooper  Curtice  of  the  Bureau  of  Animal  In- 
dustry and  its  efficacy  confirmed.  Carbon  bisulphide  is  at  present 
marketed  in  this  country  under  a  proprietary  name  for  use 
against  bots  and  v.orms.  Against  worms  it  has  a  certain  anthel- 
mintic value,  not  as  yet  well  ascertained. 

The  writer's  experience  has  indicated  that  it  is  not  easy  to 
determine  the  efficacy  of  an  anthelmintic  by  the  number  of 
worms  passed  after  treatment,  since  a  few  worms  passed  may 
represent  all  those  present  and  a  large  number  may  represent  a 
small  proportion  of  those  present.  Consequently  it  has  seemed 
worth  while  to  apply  the  acid  test  for  such  treatments,  i.  e.,  a 
treatment  followed  by  post-mortem  examination,  to  the  carbon 
bisulphide  method,  which  method  may  be  regarded  as  anthel- 
mintic in  its  broad  aspects  and  insecticidal  in  its  intent. 

Horse  No.  3  was  first  given  anthelmintic  treatment  consisting 
of  12  mils  of  oil  of  chenopodium,  followed  at  once  by  800  mils 
of  linseed  oil.  The  examination  of  the  manure  for  the  next  4 
days  showed  no  bots.  In  these  experiments  the  manure  was 
very  carefully  examined,  being  picked  apart,  a  small  handful  at 
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a  time,  by  myself  or  my  assistant,  Mr.  B.  A.  Drake.  It  was  a 
very  long  and  tedious  operation,  but  such  as  to  warrant  us  in 
the  belief  that  no  bots  present  could  be  overlooked.  On  the 
fourth  day  this  horse,  which  had  not  been  fed  since  the  previous 
evening,  was  given  20  mils  of  carbon  bisulphide  in  a  capsule  at 
9  :45  A.  M.  This  was  repeated  at  11 :15  A.  M.  At  1 :45  P.  M. 
the  horse  was  given  800  mils  of  linseed  oil.  No  bots  were  found 
in  the  manure  the  next  day.  The  manure  for  the  second  and 
third  day  was  examined  the  third  day  and  1  bot  was  found.  The 
fourth  day  there  were  5  bots,  and  the  fifth  day  there  were  four 
bots.  During  the  next  three  days  no  more  bots  were  passed,  so 
on  the  eighth  day  the  horse  was  given  the  carbon  bisulphide 
more  nearly  in  accordance  with  the  method  published  by  the 
U.  S.  Department  of  Agriculture,  the  animal  receiving  3  doses 
of  3  drams  (about  12  mils)  each  at  hour  intervals,  the  treatment 
being  given  after  fasting  the  horse  from  the  previous  evening. 
However,  the  preliminary  purgation  there  recommended  was  not 
undertaken.  An  examination  of  the  manure  for  the  next  16 
days  did  not  disclose  the  presence  of  a  single  bot. 

On  the  sixteenth  day  after  the  second  treatment,  the  horse 
was  killed.  A  very  thorough  examination  of  the  digestive  tract, 
including  an  examination  of  all  of  its  contents  by  methods  as 
careful  as  those  used  in  examining  the  manure,  showed  an  entire 
absence  of  bots  of  any  sort.  The  first  treatment,  resulting  in 
the  passage  of  10  bots  in  5  days,  was  therefore  100  per  cent 
efl^ective,  and  would  presumably  have  been  that  effective  if  given 
as  recommended  by  the  Department  of  Agriculture  or  in  four  10- 
to  12-gram  doses  at  hour  intervals  as  recommended  by  some 
writers.  It  is  usually  more  convenient  to  give  1  or  2  doses  than 
3  or  4,  all  other  things  being  equal,  but  owing  to  a  certain  element 
of  danger  in  such  drugs  as  carbon  bisulphide,  small  doses  given 
more  frequently  are  safer,  since  treatment  can  be  stopped  if 
untoward  symptoms  develop  early.  An  examination  of  the  bots 
passed  showed  that  all  three  of  the  common  species,  Gastrophilus 
intestinalis  (G.  eqiti),  G.  nosalis  and  G.  hemorrhoidalis,  were 
represented,  the  treatment  being  effective  against  all  of  them. 
The  stomach  of  the  horse  showed  some  hemorrhagic  and  necrotic 
areas  and  a  small  ulcer  in  the  cardiac  portion.  Whether  the 
carbon  bisulphide  was  responsible  to   any  extent   for  the  path- 
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ological  conditions  noted  is  a  question  that  I  would  not  care  to 
pass  on  without  further  data.  Various  veterinarians  have  re- 
ported bad  effects  in  horses  from  the  administration  of  carbon 
bisulphide,  and  Hutyra  and  Marek  state  that  some  animals  may 
even  succumb  to  it. 

Horse  No.  4  was  given  20  mils  of  carbon  bisulphide,  followed 
in  1 1/>  hours  by  .SOO  mils  of  linseed  oil.  Five  days  later  this 
horse  was  given  32  mils  of  oil  of  chenopodium,  followed  at  once 
by  800  mils  of  castor  oil.  Nine  days  after  the  chenopodium 
treatment,  the  carbon  bisulphide  treatment  was  repeated,  giving 
3  doses  of  3  drams  each.  Ten  days  after  the  last  treatment  the 
animal  was  killed.  No  bots  were  passed  during  the  entire  treat- 
ment and  none  were  found  post-mortem.  This  experiment, 
therefore,  throws  no  light  on  the  question  of  efficacy.  The  diges- 
tive tract  was  normal,  showing  that  the  treatment  does  not  neces- 
sarily involve  serious  lesions  of  the  digestive  tract. 

Aside  from  carbon  bisulphide,  turpentine  is  practically  the 
only  remedy  used  to  remove  bots.  Inasmuch  as  chloroform  is 
a  very  penetrating  and  lethal  agent,  it  might  be  supposed  that 
it  would  kill  bots.  In  practice  it  does  not  appear  to  have  been 
found  of  value  in  this  connection,  and  experimental  test  supports 
the  idea  that  it  is  not  useful  in  expelling  bots.  Horse  No.  2  was 
given  16  mils  of  oil  of  chenopodium.  followed  immediately  by  800 
mils  of  linseed  oil  and  100  mils  of  castor  oil.  No  bots  were 
passed  subsequent  to  this  treatment,  and  15  days  later  the  horse 
was  given  20  mils  of  chloroform,  followed  15  minutes  later  by 
750  mils  of  linseed  oil.  No  bots  were  passed  during  the  next 
six  days,  and  the  horse  was  killed  on  the  sixth  day.  Post-mortem 
examination  disclosed  the  presence  of  7  bots  in  the  stomach,  35 
in  the  duodenum,  and  1  in  the  cecum.  The  chloroform  was 
therefore  entirely  ineffective  against  bots.  The  stomach,  with 
the  exception  of  the  areas  where  the  bots  attached,  was  normal ; 
the  intestines  showed  local  congested  and  inflamed  areas. 

We  may  therefore  summarize  the  data  obtained  from  the 
above  experiments  in  treatment  as  follows :  Carbon  bisulphide 
is  highly  effective  against  all  American  species  of  bots  (100  per 
cent  in  this  experiment)  ;  chloroform,  contrary  to  what  one 
might  suppose,  is  quite  ineffective  against  bots,  in  the  dose  tested 
and  as  given;  and  oil  of  chenopodium.  as  one  might  suppose,  is 
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of  no  value  against  these  highly  resistant  larvae.  As  noted  later, 
chloroform  also  failed  to  remove  bots  from  dogs. 

Possession  of  the  bots  from  Horse  No.  3  suggested  an  experi- 
ment along  the  lines  of  incidental  myiasis.  Within  5  hours  after 
they  were  collected,  six  specimens  of  Gastropliilus  intestinalis  (G. 
cqui)  and  6  of  G.  nasalis  were  put  in  No.  00  gelatin  capsules.  3 
to  a  capsule,  and  3  specimens  of  each  species  fed  to  each  of  2 
dogs,  Nos.  93  and  94.  Bots,  ],  2,  and  3  in  number,  have  been 
found  in  the  stomach  of  the  dog  at  least  three  times,  aside  from 
artificial  infestations,  their  occurrence  there  being  attributed  to 
the  eating  of  the  bot-infested  stomach  of  the  horse.  Bots  have 
been  reported  once  from  the  stomach  of  the  hyena,  apparently 
infested  in  the  same  way,  and  a  similar  explanation  may  be  in- 
voked in  the  case  of  G<astrophilus  inennis  reported  as  occurring 
firmly  attached  in  the  crop  of  a  crow  by  Skrjabin.  Railliet  re- 
ported feeding  the  larvae  of  G.  intestinalis  (G.  eqiii)  to  5  dogs. 
One  had  no  bots  at  the  end  of  8  days ;  another  had  1  bot  attached 
in  the  stomach  and  1  free  in  the  ileum  in  20  hours ;  a  third  had 
5  bots  attached  in  the  stomach,  2  attached  in  the  rectum  and  2 
free  in  the  rectum  at  the  end  of  7  days ;  a  fourth  had  2  larvae 
attached  to  the  stomach  at  the  end  of  15  days ;  while  a  fifth  had 
no  bots  a  month  after  being  fed  6  of  them. 

In  our  experiment  the  feces  from  the  2  dogs  were  carefully 
examined  each  day,  being  comminuted  and  washed  through  the 
set  of  screens  which  the  writer  has  described  in  previous  publi- 
cations. Dog  No.  93  passed  4  bots  on  the  third  day  after  he 
ingested  them ;  on  the  twenty- fourth  day  he  passed  another  bot 
and  some  Dipylidium.  On  the  twenty-fourth  day  the  dog  was 
given  10  minims  of  oil  of  chenopodium,  20  minims  of  chloroform 
and  30  mils  of  castor  oil,  followed  2  hours  later  by  60  mils  of 
castor  oil.  The  following  day  the  dog  passed  1  whipworm  and 
the  next  day  3  whipworms.  On  the  day  preceding  the  anthel- 
mintic treatment  the  dog  had  passed  1  ascarid.  On  post-mortem 
examination,  35  days  after  the  ingestion  of  the  bots  and  11  days 
after  the  anthelmintic  treatment,  1  live  bot,  GastropJiilus  intes- 
tinalis, was  found  in  the  tip  of  the  cecum,  apparently  not  attached. 
There  were  also  7  whipworms  in  the  cecum  and  2  hookworms 
in  the  small  intestine. 

Dog  No.  94  passed  2  bots  on  the  eighth  day  after  ingesting 
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them,  and  passed  another  on  the  ninth  day,  the  last  one  being 
accompanied  by  the  passage  of  3  whipworms.  On  the  twenty- 
fourth  day  the  dog  was  given  15  minims  of  oil  of  chenopodium, 
30  minims  of  chloroform  and  60  mils  of  castor  oil,  followed  2 
hours  later  by  30  mils  of  castor  oil.  On  post-mortem  examina- 
tion, 35  days  after  the  ingestion  of  the  bots  and  11  days  after 
the  anthelmintic  treatment,  1  live  bot,  G.  intestinalis,  was  found 
attached  in  the  fundus  of  the  stomach,  and  another  live  specimen 
of  the  same  species  was  found  attached  to  the  large  intestine 
about  6  inches  from  the  anus.  There  were  125  whipworms  pres- 
ent in  the  cecum.  The  sixth  bot  was  tmaccounted  for;  it  nad 
probably  been  passed  alive  and  had  crawled  out  of  the  pan  form- 
ing the  floor  of  the  dog's  cage. 

From  the  foregoing  it  appears  that  of  6  specimens  of  Gastro- 
pJiilus  intestinalis  fed  to  2  dogs,  3  specimens  succeeded  in  estab- 
lishing themselves  for  the  35-day  period,  which  terminated  in  the 
death  oi  the  dogs.  They  were  established  in  such  diverse  loca- 
tions as  the  stomach,  the  cecum  and  the  lower  part  of  the  large 
intestine.  The  one  in  the  stomach  was  undoubtedly  well  estab- 
lished :  the  others  may  represent  larvae  which  had  formerly 
attached  in  the  stomach  but  were  unable  to  maintain  that  position 
and  were  holding  at  different  points  on  their  way  out.  There 
is  no  obvious  reason  why  bots  of  species  other  than  G.  intestinalis 
should  not  be  found  in  the  stomach  of  the  dog;  at  the  same 
time  this  experiment  suggests  that  there  may  be  some  reason  for 
this.  None  of  the  specimens  of  G.  nasalis  which  were  fed  to 
these  dogs  maintained  themselves  up  to  the  time  of  post-mortem 
examination.  They  were  evidently  able  to  maintain  themselves 
as  much  as  8  days,  and  might  have  stayed  as  much  as  24  days 
(the  species  of  the  bots  as  passed  was  unfortunately  not  ascer- 
tained), but  they  failed  to  establish  themselves  as  did  G.  intes- 
tiimlis.  The  reason  for  this  is  not  at  all  evident.  They  were 
apparently  no  more  mature,  which  would  have  been  a  reason  for 
passing  out.  G.  intestinalis  usually  lives  in  the  esophageal  por- 
tion of  the  stomach  of  the  horse,  whereas  G.  nasalis  and  hemor- 
rhoidalis  usually  live  in  the  pyloric  region  or  in  the  duodenum, 
but  I  am  unable  to  formulate  a  reason  from  this  as  to  why  G. 
intestinalis  should  survive  in  the  stomach  and  intestine  of  the 
dog  and  the  others  fail  to  do  so. 
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The  above  experiments  were  performed  in  March.  In  Sep- 
tember, Dog  No.  129  was  given  G  full-grown  specimens  of  G. 
intestinalis  and  6  young  specimens  of  G.  hemorrhoidalis,  in  cap- 
sules. He  presently  vomited  the  6  G.  intestinalis  and  3  G.  hemor- 
rhoidalis. These  were  given  again,  and  presently  the  dog  vomited 
3  G.  intestinalis  and  3  G.  hemorrhoidalis,  which  were  again  given 
to  him.  The  day  following,  the  dog  had  passed  2  G.  intestinalis : 
the  third  day,  he  passed  a  third  bot  of  this  species;  the  fourth 
day,  a  fourth  ;  and  the  thirteenth  day,  a  fifth  bot  of  this  species. 
The  twenty-ninth  day  after  giving  the  bots  to  the  dog  the  animal 
was  killed,  and  no  bots  were  found  on  post-mortem.  It  is  likely 
that  the  bots  not  recovered  were  vomited  during  the  first  24 
hours,  and  being  still  lively  had  escaped  from  the  feces  and  the 
cage.  At  any  rate,  young  specimens  of  G.  hemorrhoidalis  failed 
to  establish  themselves  in  the  dog.  They  certainly  failed  to  re- 
main a  month  and  apparently  failed  to  establish  themselves  at 
all.  The  short  time  the  G.  intestinalis  remained,  13  days  or  less, 
may  be  correlated  with  the  season,  the  bots  being  fully-developed, 
and  perhaps  incapable  of  overwintering  in  a  host. 

It  is  interesting  to  note  that  the  passage  of  one  bot  from  Dog 
iNo.  93  was  preceded  the  day  before  by  the  passage  of  1  ascarid, 
was  accompanied  by  the  passage  of  Dipylidium,  and  was  followed 
the  next  day  by  the  passage  of  1  whipworm  and  the  second  day 
by  the  passage  of  3  whipworms ;  and  that  the  passage  of  2  bots 
from  Dog  9-1  was  followed  the  next  day  by  the  passage  of  3 
whipworms,  accompanied  by  another  bot.  In  the  case  of  Dog.  No. 
93,  the  dog  was  given  anthelmintic  treatment  the  day  the  bot 
passed,  and  this  might  account  for  the  subsequent  passage  of 
whipworms,  but  the  passage  of  the  ascarid  and  Dipylidium  in 
this  case  and  of  the  whipworms  in  the  case  of  the  other  dog 
suggest  that  the  bots  acted  as  mechanical  anthelmintics,  entang- 
ling Dipylidium  and  whipworms  in  their  spiny  covering  and 
perhaps  driving  the  ascarid  along  as  a  result  of  contact  with  these 
spines.  It  is  possible  that  some  cause  operated  to  expel  the 
worms  and  bots  together,  but  such  spontaneous  expulsion  of  such 
dissimilar  parasites  from  2  dogs  is  a  less  likely  explanation  than 
that  the  bots  acted  as  mechanical  anthelmintics.  The  frying  of 
tow  or  oakum  in  grease  and  feeding  it  to  a  dog  as  a  mechanical 
anthelmintic   is  an  old  device;  even  cowhage  and  similar  sub- 
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stances  have  been  recommended  as  mechanical  anthehnintics, 
though  probably  less  efifective  than  fried  oakum.  One  might  even 
include  among  mechanical  anthelmintics  a  tapeworm  trap,  re- 
corded in  the  U.  S.  Patent  Office,  which  is  intended  to  be  baited 
.for  tapeworm  and  swallowed  by  the  patient. 

In  a  recent  article,  Roubaud  ( 1917  :  Compt.  rend.  Acad.  d.  Sci., 
V.  164  (11).  ^2  Mar.,  pp.  4.") 3 -4 •")())  has  made  some  very  inter- 
esting observations  in  regard  to  the  life  history  of  the  bot-fly, 
Gastrophilus  intestinalis  (G.  cqiii).  He  notes  that  some  authors 
think  that  the  larv?e  escape  from  the  egg  and  gain  the  mouth  and 
nose ;  most  writers  think  that  they  get  into  the  mouth  as  a  result 
of  the  horse  licking  the  hairs  •  and  are  then  swallowed,  some 
writers  explaining  the  licking  as  following  a  slight  pruritus  due 
to  the  action  of  these  larvse  on  the  skin ;  reasoning  from  the  pres- 
ence of  Gastrophilus  larvae  in  the  skin  of  man,  Cholodkovsky  be- 
lieves that  the  larvse  leave  the  egg  and  penetrate  the  skin  of  the 
horse,  causing  an  itching  which  leads  the  horse  to  scrape  these 
parasitic  burrows  with  his  teeth,  thereby  rooting  out  and  ingest- 
ing the  larvae ;  reasoning  from  the  same  starting  point,  Portch- 
inski  believes  that  only  some  of  the  larvae,  individuals  sacrificed 
for  the  preservation  of  the  species,  penetrate  the  skin  of  the 
horse,  the  irritation  resulting  in  the  horse  licking  off  other  larvae 
which  are  not  embedded  in  the  skin  and  swallowing  them. 

Roubaud  has  evidence  pointing  to  a  different  life  history. 
According  to  his  observations,  the  eggs  of  the  bot-fly  do  not 
open  spontaneously  and  the  primary  larvae  may  remain  in  the 
egg  for  several  weeks ;  Guyot  has  observed  cases  where  they 
lived  thus  over  3  months.  Roubaud  finds  that  a  brisk  shock  on 
the  anterior  pole  of  the  egg  will  cause  the  operculum  to  open, 
the  larvae  promptly  escaping  from  the  shell ;  moisture,  such  as 
would  be  furnished  by  licking,  is  not  necessary.  This  conforms, 
moreover,  to  the  well-known  fact  that  horses  lick  themselves 
with  the  tongue  very  little;  when  a  horse  has  an  itching  or  irri- 
tated area,  he  rubs  it  with  the  nose  or  bites  it.  The  larvae  prob- 
ably escape  when  a  horse  does  this  for  any  cause  whatever.  The 
most  interesting  feature  of  Roubaud's  observation,  however,  is  the 
fact,  demonstrated  by  bot  larvae  on  guinea-pigs,  that  when  the 
larvae  escapes  from  the  egg  and  is  brought  in  contact  with  the  buc- 
cal mucosa,  it  promptly  burrows  into  the  mucosa  and  lies  parallel 
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to  its  surface  in  a  relatively  superficial  position.  When  brought 
in  contact  with  the  skin  of  the  horse,  whether  it  is  wet  or  dry, 
these  larvae  do  not  burrow  and  do  die  very  rapidly  on  the  dry 
skin.  He  thinks  bot  larvse  in  the  luunan  skin  enter  through  the 
lips  or  eyelids  or  through  a  lesion  in  the  skin,  and  notes  that 
eggs  of  G.  hemorrlioidalis  have  been  found  on  the  eyebrows 
and  lashes  in  such  cases  of  cutaneous  myiasis.  Larvse  under 
the  buccal  mucosa  disappear  in  2  or  3  days,  but  one  was  seen 
traveling  along  the  side  of  the  tongue  for  9  days,  during  which 
time  it  grew  to  three  times  its  first  dimensions.  The  larva?  prob- 
ably undergo  the  molt  to  the  second  stage  at  this  time  and  leave 
the  buccal  epithelium  for  the  gastric  cavity. 

During  recent  years  w^e  have  seen  our  ideas  regarding  the 
life  history  of  the  ox  warble,  Hypodcrma,  upset;  Roubaud's 
findings  apparently  necessitate  a  certain  revision  of  our  life  his- 
tory for  the  bot  flies. 

Summary.  Carbon  bisulphide,  in  experimental  test  followed 
by  post-mortem  examination,  is  as  highly  effective  against  bots 
as  clinical  findings  indicate. 

Neither  chloroform  nor  oil  of  chenopodium  are  of  any  value 
in  removing  bots,  so  far  as  our  experiments  show ;  this  bears  out 
the  clinical  findings  for  chloroform  and  conforms  to  the  proba- 
bilities for  oil  of  chenopodium. 

Gastrophilus  intestinalis  (G.  eqtii)  is  capable  of  incidental 
myiasis  in  dogs,  when  well  developed  larvje  from  the  stomach 
of  the  horse  are  fed  to  them,  but  G.  nasalis  and  G.  heuiorrhoidaUs 
seem  to  have  only  a  limited  capacity  for  adaptation  to  conditions 
in  the  dog. 

Roubaud's  investigations  indicate  that  the  bot  larva  escapes 
from  the  &gg  when  the  horse  bites  or  rubs  his  skin  with  his  mouth 
and  burrows  into  the  buccal  mucosa  before  proceeding  to  the 
stomach. 
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AN    INVESTIGATION   OF    THE    CHEMICAL    COMPOSI- 
TION AND  BIOLOGIC  AVAILABILITY 
OF  PEPTONE.* 

By  Lewis  Davis,  S.M.,  Detroit,  Mich. 

The  use  of  peptone  in  the  preparation  of  bacteriologic  cuhure 
media  is  advocated  in  the  earhest  works  on  bacteriology.  While 
it  is  undoubtedly  a  fact  that  for  many  organisms  ordinary  beef 
infusion  furnishes  all  of  the  necessary  food  requirements,  addi- 
tion of  even  a  small  amount  of  peptone  causes  a  pronounced  in- 
crease in  growth  and  metabolic  activity. 

Bainbridge^  and  others  have  observed  that  even  some  of  the 
extremely  active  putrefactive  organisms  are  unable  to  attack  and 
decompose  native  proteins.  However,  if  a  small  quantity  of 
peptone  or  some  other  readily  assimilable,  nitrogenous  material 
be  present,  decomposition  soon  takes  place  with  rai)id  disappear- 
ance of  the  protein. 

That  there  is  a  specificity  to  the  role  of  peptone  in  a  culture 
medium  is  particularly  shown  Ijy  its  use  in  the  elaboration  of 
toxin  by  Bact.  diphtherias,  the  production  of  indol  by  the  colon 
bacillus  and  its  necessary  presence  for  the  successful  growth  in 
vitro  of  such  delicate  organisms  as  the  spirochetes.  The  early 
investigations  of  Park  and  Williams^  have  pointed  out  the  neces- 
sity of  peptone  in  the  production  of  diphtheria  toxin.  Recent 
successful  use  of  media  containing  tr)])t()phane-'  for  the  produc- 
tion of  indol  by  bacteria  clearly  shows  that  the  function  of  the 
peptone  in  Dunham's  medium  is  to  furnish  material  containing 
tryptophane. 

It  is  readily  apparent  that  the  chemical  composition  of  pep- 
tone has  a  decided  influence  on  its  bacteriologic  availability.    That 
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this  question  has  not  received  more  attention  in  the  past  is  largely 
due  to  the  fact,  that  almost  from  the  beg-inning  of  bacteriology, 
W'itte's  i)e])tone  has  served  as  standard  in  culture  media  prepara- 
tion. The  present  scarcity  of  this  imported  peptone  and  the 
appearance  of  a  number  of  domestic  substitutes  have  necessitated 
careful  consideration  of  their  biologic  availabilities.  The  present 
investigation  was  undertaken  to  compare  the  chemical  composition 
as  well  as  the  utilization  by  bacteria  of  domestic  peptones  with 
Witte's  peptone  as  a  standard.  In  the  course  of  the  study,  data 
was  obtained  which  finally  led  to  the  preparation  of  an  experi- 
mental peptone  that  has  been  found  entirely  satisfactory  for  bac- 
teriologic  use  and  in  the  production  of  toxins. 

EXPERIMENTATION 

A.  Method  of  .liialysis 

Samples  of  the  various  brands  purchasable  in  the  open  market 
were  obtained,  each  given  a  laboratory  number  for  identification, 
and  the  examination  was  then  conducted  under  the  following 
captions : 

1.  Physical  examination,  including  ap[)earance,  odor,  solubility 
in  cold  and  hot  water  and  preparation  of  the  more  common 
culture  media  from  each  sample,  in  accordance  with  the  Standard 
Methods  of  the  A.  P.  H.  A} 

2.  Cltcniical  examination  comprised  analyses  of  total  nitrogen, 
moisture,  tcjtal  mineral  matter,  phosphoric  acid  as  PoO-,  chlorides 
as  NaCl,  calcium  as  CaO  and  determination  of  reaction  in  ac[ue- 
ous  solution.  Supplementing  the  above,  cjualitative  determina- 
tions were  made  for  the  presence  of  albumoses  (addition  of 
saturated  zinc  sulphate,  ammonium  sulphate,  picric  acid  solutions) 
protoproteoses  (addition  of  saturated  sodium  chloride  solution, 
potassium  ferrocyanide  in  acetic  acid  solution),  tyrosin  (xantho- 
proteic, Millon's  reaction);  tryptophane  [  (Adamkiewicz) -Hop- 
kins-Cole reagent]  ;  creatinin  (Jaffa's  reaction),  the  behavior  to- 
wards the  biuret  test,  as  well  as  with  three  volumes  of  95  per 
cent  alcohol  and  a  comparison  of  free  amino  acids  present. 

3.  Bacteriologic  examination,  made  in  association  with  my 
colleague.  H.  C.  Ward,  included  the  determination  of  the  con- 
duct of  various  bacteria  in  the  more  common   liciuid   and  solid 
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media  made  from  each  samjjle.  grcjwth  and  production  of  indol 
in  Dunham's  solution,  viabiHty  tests  with  sensitive  organisms, 
and  direct  isolation  of  bacteria  from  pathologic  material.  Of 
greater  delicacy  than  any  of  the  preceding  tests,  the  writer  has 
found  to  be  the  production  of  a  potent  toxin  by  B.  diphtheriae 
in  ordinary  (2  per  cent)  peptone  bouillon.  In  fact,  this  test 
combined  with  development  of  indol  by  B.  coli  in  Dunham's  solu- 
tion has  been  employed  as  "a  preliminary  test"  of  bacteriologic 
availability  in  the  examination  of  experimental  peptones. 

For  the  analysis  of  total  nitrogen,  a  modified  Gunning  method 
was  used,  which,  while  giving  somewhat  lower  results  than  the 
official  methods,  was  simpler  and  permitted  of  comparative  re- 
sults with  equal  accuracy.  Moisture  and  total  mineral  matter 
were  determined  in  platinum  utensils  in  accordance  with  the 
usual  technic.  Phosphoric  acid  was  estimated  in  a  nitric  acid 
solution  of  the  ash  by  precipitation  as  ammonium  phospho- 
molybdate,  and  dissolving  in  an  excess  of  sodium  hydroxide  as 
employed  in  the  volumetric  estimation  of  total  phosphoric  acid 
in  fertilizers.''  The  same  solution  of  the  ash  was  used  for  volu- 
metric determinations  of  chlorides  and  calcium.  The  calcium 
W'as  precipitated  as  oxalate,  dissolved  in  sulphuric  acid  and  titrated 
against  potassium  permanganate  solution,  while  the  solution  for 
chlorides  was  carefully  neutralized  with  sodium  hydroxide,  and 
then  titrated  against  silver  nitrate  solution  w  ith  potassium  chro- 
mate  as  indicator  by  Mohr's  method.'^ 

Estimating  proteoses  by  precipitation  with  saturated  zinc 
sulphate  solution  according  to  Bomer"  was  tried  and  gave  fairly 
concordant  results  with  Witte's  peptone  which,  as  is  known, 
consists  largely  of  proteoses.  Most  of  the  other  samples  exam- 
ined had  so  little  albumoses  present  that  qualitative  examination 
with  the  reagents  mentioned  above  gave  all  the  necessary  infor- 
mation. Direct  estimation  of  peptone  nitrogen  by  phosphotungstic 
acid  or  bromine  precipitation  was  found  to  be  unsatisfactory.  As 
the  "tannin-salt  method  of  Sjerning,  as  modified  by  Bigelow  and 
Cook,"'  is  dependent  upon  the  proteose  nitrogen  value,  this  pro- 
cedure could  not  be  accurately  ap}>lie(l  for  peptone  valuation. 
Here  again  the  qualitati\e  examinalion,  supplemented  by  the 
biuret  test,  gave  some  idea  of  the  degree  of  digestion  of  the 
sample. 
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The  reaction  of  the  sample  peptones  was  determined  on  a  1 
per  cent  aqueous  solution  both  by  a  hot  titration  method  and 
more  accurately  with  the  hydrogen  electrode.  For  the  hot  titra- 
tion, 10  c.c.  of  the  1  per  cent  peptone  solution  were  diluted  with 
40  c.c.  of  water,  boiled  for  one  minute,  then  titrated  hot  against 
N/IO  sodium  hydroxide,  using  phenolphthalein  as  an  indicator. 
The  concentration  of  hydrogen-ions  was  measured  by  the  hydro- 
gen electrode  recommended  by  Bovie,^  using  a  Weston  Standard 
Cell,  calomel  electrode,  galvanometer,  and  the  direct  reading 
potentiometer  described  by  Bartell.*  Comparison  of  the  free 
alpha  amino  acids  present  in  Witte's  and  the  other  test  peptones 
was  made  with  1  per  cent  solutions,  using  the  colorimetric  method 
of  Harding  and  MacLean^*'  (color  produced  by  twenty  minute 
boiling  wath  pyridine  and  ninhydrin)  and  a  Duboscq  colorimeter. 

As  test  organisms  for  determining  the  nutrient  index  of  pep- 
tone samples  by  subculture  transfers,  B.  coli,  staphylococcus 
aureus,  diplococcus  meningitis,  streptococcus  pyogenes,  M. 
catarrhalis,  M.  gonorrhcese  and  B.  prodigiosus  were  employed. 
The  growths  on  slant  agar  at  37°  C.  both  after  24  hours  and  48 
hours  were  recorded  for  all  except  B.  prodigiosus,  which  was 
cultivated  at  20°  C.  Inoculations  from  these  were  made  to  a 
new  series  of  agar  slants  and  the  growths  noted,  after  which 
the  above  process  was  twice  repeated. 

Dunham's  solutions  containing  the  test  peptones  (with  0.5 
per  cent  sodium  chloride)  and  sterilized  at  autoclave  temperature, 
were  used  for  growth  and  viability  tests.  Vigorous  24-hour, 
slant  agar  cultures  of  Staph,  aureus,  B.  coli,  and  B.  prodigiosus 
were  emulsified  with  10  c.c.  of  salt  solution,  filtered,  and  a  uni- 
form amount  of  suspension  inoculated  into  a  series  of  test  pep- 
tone tubes  by  mixing  with  ca])illary  and  bubbling.  A  1/10  c.c. 
sample  was  then  removed  from  each  tube  and  agar  plates  made 
as  "controls."  These  were  incubated  at  the  optimum  tempera- 
tures and  counted.  The  peptone  tube  cultures  were  now  grown 
for  24  hours  and  plates  again  made  as  before,  the  same  procedure 
being  repeated  at  72  hours  and  96  hours. 


*Paper  read  before  the  Biological  Section,  American  Chemical  Society,  New  York 
City,  Sept.  27,  1916.  This,  paper  has  now  appeared  in  Jour.  Am.  Chcm.  Soc,  1917, 
xxjcix,  4,  630. 

The  work  on  hydrogen-ion  concentration  was  done  at  the  University  of  Michigan. 
Ann   Arbor,    in   the  laboratory   of   Prof.    Bartell,   to    whom    the    writer's    sincere    thanks 
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For  the  indol  valuations,  the  same  (Dunham's  peptone)  solu- 
tions as  above  were  employed.  Four  cultures  of  B.  coli  of  known 
indol-producing  capacity  (with  Witte's  peptone)  were  selected, 
together  with  a  culture  of  B.  typhosus  as  a  "negative  control." 
Uniform,  comparable,  suspensions  in  sterile  salt  solution  of  a 
24-hour  slant  agar  culture  of  each  of  the  organisms  were  made 
and  1  c.c.  of  each  culture  suspension  added  to  sets  of  sample 
peptone  tubes.  The  tubes  were  incubated  at  37°  C.  for  96  hours, 
then  qualitative  indol  determinations  were  made  by  adding  1  c.c. 
of  a  10  per  cent  sulphuric  acid  solution,  thoroughly  mixing,  and 
then  adding  without  mixing  1  c.c.  of  a  freshly  made  0.01  per 
cent  solution  of  sodium  nitrite.  The  formation  of  the  well-known 
purplish-red,  nitro.so-indol  ring  of  Salkowski^^  on  standing  in 
the  cold  for  fifteen  minutes  indicated  presence  of  indol,  a  record 
being  made  of  the  intensity  of  the  ring.  Although  this  test  is 
not  as  delicate  as  the  modified  test  of  Ehrlich,^-  is  was  deemed 
of  more  practical  significance,  since  for  the  case  in  hand  indol 
should  be  formed  in  appreciable  quantity  to  be  of  value  as  a 
diagnostic  index. 

Comment  has  already  been  made  upon  the  importance  of  diph- 
theria toxin  ])r()(lucti()n  in  valuing  a  i)ept()ne  sami)k'.  The  test 
culture  employed  was  of  known  toxin-producing  power  and  gave 
rapid  and  abundant  pellicle  formation  in  ordinary  2  per  cent 
peptone  (Witte)  bouillon.  A  reaction  of  the  bouillon  correspond- 
ing to  a  hydrogen-ion  concentration  of  IxlO-^'-'  (-|-5  on  the 
Fuller  Scale)  before  sterilization  was  found  to  give  the  best 
results.  On  sterilizing  such  a  medium  in  an  autoclave  at  115° 
C.  for  20  minutes,  the  reaction  rises  to  about  -|-10  on  the  Fuller 
Scale  (Ct,^^  .'^xlO-'^),  wliicli  permits  of  raj)i(l  and  vigorous 
growth. 

In  order  to  accustom  the  organism  to  an}-  \ariations  due  to 
the  test  peptone,  "starter"  flasks  containing  30  c.c.  of  bouillon 
in  a  250  c.c.  flask  were  first  inoculated,  cultured  for  24  hours 
at  37^  C,  the  purity  of  the  growths  checked,  and  the  contents 
aseptically  transferred  to  3  liters  of  the  same  bouillon  in  6  liter 
flasks.     After  incubating  for  12  days  at  37°  C,  examination  for 


*The    relationship    of    hydrogen-ion    concentration    to    to.xigenicity    of    Bact.    diph- 
therise  is  being  studied,  and  will  appear  in  a  later  paper. 
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purity  was  made,  0.4  per  cent  trikresol  added,  allowed  to  stand 
24  hours,  then  filtered. 

Since  diphtheria  toxin  is  usually  employed  for  immunization 
purposes,  the  strength  of  the  toxins  prepared  as  above  was  esti- 
mated by  the  L-f-  dose  in  accordance  with  the  Hygienic  Labora- 
tory ]\'Iethod.^'*  An  interesting  fact  noted  in  cultivating  Bact. 
diphtheriae  for  toxin  production  was,  that  while  the  growth  in 
larger  flasks  showed  no  gross  difference  from  that  obtained  in 
small  flasks,  other  conditions  being  the  same,  there  was  a  marked 
variation  in  both  toxicity  and  final  reaction.  Thus,  500  c.c.  of 
bouillon  in  a  liter  flask  invariably  gave  a  weaker  toxin  and  final 
alkaline  reaction  to  phenolphthalein,  while  3000  c.c.  in  a  six  liter 
flask  gave  a  stronger  toxin  with  final  acid  reaction  to  phenol- 
phthalein. Large  flasks  were  accordingly  employed  for  all  toxin 
cultivation  with  test  peptones. 

No  preliminary  cultivation  was  found  necessary  for  the  pro- 
duction of  tetanus  toxin.  A  virulent  culture  of  B.  tetani  was 
used  in  glucose  bouillon  (2  per  cent  peptone)  with  oil,  incubation 
carried  on  for  three  weeks  at  37°  C,  examination  for  purity 
then  made,  and  the  same  procedure  followed  as  with  diphtheria 
toxin.  In  accordance  with  the  usual  practice,  the  strength  was 
determined  by  an  approximate  estimation  of  the  minimum  lethal 
dose,  as  recommended  by  Rosenau  and  Anderson. ^^ 

B.     Laboratory  Results. 

Exclusive  of  experimental  products,  seven  different  brands  of 
bacteriologic  peptone  were  examined.  These  comprised  samples 
of  Witte's  and  six  domestic  products  which  are  grouped  in  the 
succeeding  tables  of  results  under  the  caption  of  "American 
Brands."  In  addition  to  the  preceding,  there  are  included  in  the 
comparisons  two  experimental  products  designated  as  "Exp. 
No.  1"  and  "Exp.  No.  2,"  respectively.  The  first  of  these  two 
peptones,  after  the  basic  constituents  had  been  determined  upon, 
was  devised  so  as  to  give  a  product  having  as  nearly  as  possible 
the  same  general  reactions  and  gross  chemical  composition  as 
Witte's  peptone.  Further  work  on  bacterial  utilization  of  pep- 
tones showing,  among  other  factors,  greater  degrees  of  hydrolysis 
than  experimental  No.  1,  led  to  the  preparation  of  the  second  of 
the  two  experimental  products  given  in  the  tables.      In  all  cases 
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the  results  tabulated  in  the  foregoing  are  based  on  at  least  three 
separate  samples  of  each  brand,  duplicate  determinations  having 
been  made  with  each  sample. 

The  physical  examination,  as  may  be  noted  from  Table  I, 
shows  the  general  appearance  of  the  various  brands  to  be  nearly 
•  the  same.  Only  two  products  (No.  51  and  No.  125)  evidenced 
a  decidedly  unpleasant  odor,  the  odor  in  one  case  (No.  51)  being 
apparently  due  to  microbial  decomposition,  as  the  moisture  con- 
tent of  this  sample  was  high. 

A  marked  difference  of  solubility  in  water  (2  per  cent  solu- 
tion) is  found  between  \\'itte's  ])e[)tone  and  all  the  other  brands 
examined.  AX'hile  the  former  dissolves  only  with  difficulty  in 
cold  water  and  leaves  a  bulky  residue  on  boiling,  all  of  tlie  other 
products  readily  go  into  solution  in  the  cold,  and  lea\e  onlv  a 
small  precipitate  on  boiling.  Results  obtained  with  experimental 
samples  indicate  that  this  residue  given  by  Witte's  peptone  is 
partly  due  to  its  higher  content  of  proteoses  and  other  protein 
degradation  products.  In  two  cases  (No.  51  and  No.  138)  the 
precipitate  obtained  was  colloidal  in  nature,  filtered  with  difficulty, 
and  gave  turbid  bouillon  and  Dunham's  solution,  but  had  no 
effect  on  the  agar.  Media  prepared  from  four  of  the  samples 
(Nos.  51,  67,  126,  and  138)  were  considerably  more  darkened 
than  would  be  expected  as  a  result  of  autoclave  sterilization. 

Table  II  shows  that  all  of  the  brands  examined  give  a  strong 
xanthoproteic  reaction  indicating  presence  of  tyrosin,  which  is 
confirmed  by  the  behavior  with  Millon's  reagent.  Tryptophane 
is  shown  by  a  strong  Hopkins-Cole  (Adamkiewiczj  reaction  in 
Witte's  peptone,  both  experimental  i)roducts.  No.  51  and  No. 
126.  Creatinine,  as  given  by  Jaff'e's  reaction,  is  present  in  per- 
ceptible amount  in  No.  13S,  and  to  a  less  extent  in  Nos.  6T.  126, 
and  132.  Excluding  the  first  experimental  product  which  was 
prepared  so  as  to  contain  albumoses  in  quantity,  Witte's  peptone 
is  the  only  product  showing  an  appreciable  portion  of  albumoses 
as  measured  b}'  the  reactions  with  saturated  ammonium  sulphate, 
zinc  sulphate  and  picric  acid  solutions.  A  small  amount  of  pri- 
mary proteoses  in  Witte's  i)e[)tone  is  revealed  by  the  precipitates 
obtained  with  copper  sulphate  (biuret  test)  and  on  addition  of 
potassium  ferrocyanide  solution  to  an  acetic  acidified  solution  of 
the  peptone.     That  this  substance  is  not  present  in  appreciable 
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quantity  is  shown  by  the  absence  of  precipitate  with  the  saturated 
sodium  chloride  reagent. 

Both  the  biuret  reaction  and  the  behavior  towards  three 
volumes  of  95  per  cent  alcohol  were  used  as  comparative  tests 
to  determine  similarity  with  Witte's  peptone  rather  than  to  detect 
any  specific  substance.  Although  the  "biuret"  color  obtained 
with  most  of  the  samples,  when  the  reaction  was  performed 
under  uniform  conditions,  might  be  characterized  as  ]jink,  there 
was  still  a  considerable  difference  in  the  intensity  of  this  color. 
From  experimental  preparations,  it  appears  possible  that  the 
color  factor  is  influenced  by  the  degree  and  manner  of  hydroliz- 
ing  the  constituent  proteins.  All  of  the  American  brands  appear 
to  be  nearly  completely  soluble  in  three  volumes  of  95  per  cent 
alcohol,  while  both  Witte's  and  the  experimental  products  show 
small  precipitates  with  this  reagent. 


TABLE   III. 

Analyses  of  Pepto 

NE  Sam 

PLES. 

AMERICAN     BRANDS. 

No. 

No. 

No. 

No. 

No. 

No. 

Exp. 

Exp. 

.51 

67 

125 

126 

132 

138 

Witte 

No.  1 

No.  2 

Total 

10.91%) 

13.. 30% 

13.78% 

12.41% 

15.56% 

12.42% 

14.52% 

14.35% 

14.25%, 

Nitrogen 

Moisture 

8.84% 

0.52% 

5.08% 

10.20% 

4.82% 

6.43% 

6.35% 

5.13%. 

4.3   % 

Ash 

13.71% 

8.20% 

3.98% 

13.01% 

3.92% 

10.13% 

3.44% 

4.06% 

2.86% 

Phosphoric 

0.18% 

0.96% 

1.66% 

1.64% 

1.0.5% 

2.117o 

0.42% 

0.75% 

1.02% 

Acid  as 

P2O5   in   ash 

Calcium 

0.80% 

0.45% 

0.82% 

0.52% 

0.51% 

0.70% 

1.08% 

1.13%: 

0.10% 

as  CaO 

in  ash 

Chlorides 

7.76% 

3.72% 

0.13% 

5.67% 

0.26% 

2.39  7o 

0.54% 

0.72% 

0.35% 

as  NaCl 

in  ash 

Reaction 

+9 

+13 

+  15 

+14 

+11 

+23 

+6 

+10 

+13 

(1%  sol.) 

Fuller 

Scale 

H-ion 

7.6x 

5.0.x 

6.1x 

5.Sx 

4.3x 

8.  Ox 

3.2x 

6.8x 

Con'ii 

10-' 

10-" 

10-" 

10-" 

in-8 

10-" 

10-' 

10-' 

(1%  sol.) 

Ratio 

1.07 

1.75 

2.05 

2.00 

1.75 

3.12 

1.00 

2.22 

Amino 

Acids 

(Witte=l) 

The  analytical  data  presented  in  Table  III  shows  that  not 
only  is  there  a  marked  variation  among  the  domestic  products 
themselves,  but  also  a  difference  from  AMtte's  and  the  experi- 
mental products.  The  total  nitrogen  ranges  from  10.91  per 
cent  (No.  51)   to  15.56  per  cent   (No.  132)   with  the  "normal" 
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as  given  by  Witte's  peptone,  about  14.5  per  cent.  Moisture  seems 
to  be  a  more  nearly  constant  factor,  the  average  being  about  6 
per  cent,  and  only  two  samples  (No.  ■")!  and  No.  I^li)  show 
amounts  above  8  per  cent.  These  same  samples  also  have  the 
highest  content  of  mineral  matter,  both  over  13  per  cent,  and  the 
lowest  amount  is  shown  by  experimental   No.  2  with  less  than 

3  per  cent.  In  all  cases  the  high  ash  content  is  found  to  consist 
mostly  of  chlorides,  probably  sodium  chloride,  and  with  one 
exception  (No.  51),  phosphates  in  addition.  Calcium  appears 
to  be  a  predominant  constituent  in  the  ash  of  Witte's  peptone  and 
also  in  the  first  of  the  experimental  products.  Most  of  the 
domestic  samples  appear  to  have  this  cation  present  in  only  about 
half  the  amount  shown  by  the  two  brands  mentioned. 

Comparison  of  the  acidity  which  1  per  cent  aqueous  solutions 
of  the  various  brands  give  by  the  hot  titration  method  shows 
Witte's  peptone  to  have  a  value  of  -|-6  (Fuller  Scale)  against 
more  than  twice  this  amount  recorded  for  nearly  all  of  the 
other  brands.  The  fallacy  of  "hot  titration"  and  the  errors  in 
the  use  of  phenolphthalein  as  an  indicator  for  culture  media 
reactions  have  been  ably  pointed  out  by  Clark. ^■"'  Determination 
of  the  actual  hydrogen-ion  concentration  of  these  peptone  solu- 
tions by  the  gas  cell  show  three  brands  (Nos.  67,  132,  and  138) 
to   have   what   might   be   termed   an   appreciable    acidity,    above 

4  X  10-",  while  the  remainder  are  very  nearly  neutral.  It  is  inter- 
esting to  note,  as  substantiating  the  findings  of  Clark,  that  two 
of  these  three  more  acid  peptones.  Nos.  (iT  and  132,  actuallv 
show  less  acidity  by  hot  titration  (+13,  +11)  than  do  peptones 
of  smaller  hydrogen-ion  concentration,  like  No.  125,  and  No. 
126,  which  values  of  +15  and  +14,  respectively  (Fuller  Scale). 

The  fact  that  Witte's  peptone,  as  may  be  noted  from  Table  II, 
is  the  least  digested  of  any  of  the  other  brands  examined,  sug- 
gested the  possibility  that  the  acidity  of  a  peptone  solution  when 
valued  by  hot  titration  is  intimately  associated  with  the  amount 
of  free  amino  acids  present.  Using  W^itte's  peptone  as  a  standard, 
colorimetric  comparison  of  the  amount  of  free  amino  acids  in 
the  various  samples  shows  this  to  be  the  case.  In  other  words, 
the  high  titration  values  are  given  by  the  products  having  higher 
amounts  of  free  amino  acids  present.  Aside  from  peptone  No. 
138   and   Witte's,   which   represent   the   two   extremes,   the   true 
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reaction  of  the  other  products,  as  measured  by  their  hydrogen-ion 
concentration,  appears  to  bear  no  relationship  to  the  free  amino 
acids  present. 

In  determining  the  nutritive  value  of  peptones  for  general 
bacterial  requirements,  biologic  tests  are  desirable  which  will  give 
a  definite,  quantitative  estimation.  As  a  consequence,  subculture 
transfers  on  slant  agar  in  accordance  with  the  method  already 
outlined  gave  no  satisfactory  comparisons.  The  more  delicate 
organisms,  like  the  meningococcus,  M.  catarrhalis  and  M.  gonor- 
rhoeae, showed  no  viability  on  any  peptone  agar  after  the  fifth  or 
sixth  transfer,  while  the  more  common  semiparasitic  types,  which 
are  not  as  complex  in  their  food  requirements,  gave  luxuriant 
growth  with  all  of  the  peptones  examined. 

Attempts  to  value  the  peptone  samples  by  agar  plate  estima- 
tions, as  described  under  "Methods  of  Analysis,"  were  abandoned. 
The  organisms  employed  grew  so  luxuriantly  in  Dunham's  solu- 
tions, made  from  all  of  the  test  peptones,  that  flocculent  precipi- 
tates were  formed  which  interfered  with  accurate  counts  by  the 
place  method.  Direct  isolation  of  bacteria  from  pathologic 
material  by  use  of  media  incorporating  the  test  peptones  appears 
to  be  a  more  promising  index  of  nutritive  value.  This,  however, 
is  necessarily  a  slow  process  and  comparative  data  to  be  used 
for  this  purpose  is  still  accumulating.  In  view  of  the  preceding, 
more  significance  was  attached  in  valuing  a  sample  to  its  utiliza- 
tion in  the  production  of  toxins  and  also,  but  to  a  less  extent, 
in  the  formation  of  indol.  It  is  appreciated  that  bacteriologists  do 
not  regard  indol  formation,  per  se,  as  of  paramount  importance, 
yet  it  will  be  conceded  that  a  peptone  which  does  not  permit  of 
indol  production  would  not  be  considered  as  practical  for  bac- 
teriologic  application.  Aside  from  the  practical  importance  of 
toxins  in  the  production  of  antitoxins  and  of  indol  formation  in 
the  sense  just  discussed,  both  of  these  products  are  capable  of 
quantitative  measurement. 

The  results  given  in  Table  W  show  that  only  one  of  the 
domestic  brands  (No.  126)  when  incorporated  into  bouillon  per- 
mits of  vigorous  growth  and  pellicle  formation  by  the  diphtheria 
bacillus.  Luxuriant  growth  and  heav\'  pellicle  formation  by 
Bact.  diphtheriae  do  not  necessarily  indicate  strong  toxin  produc- 
tion as  shown  by  the  fact  that  the  toxin  in  this  case  required 
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TAULK   IV. 
Racteri.^l   Utilization    of   Sample   Pepto.nes. 


Growth  Growth      Indol   Pro- 

Peptone         Growth  B.  Diph-     L  +  Dose     B.  Tetani  M.  F.  Dose  B.  Coli  in    duction  B. 
Test  therii-e  in  2%        Diphtheria     Glucose       Tetanus     Dunham's  CoH  in  Dun- 

Bouillon  Toxin  Bouillon        Toxin  Sol.  ham's  Sol. 


No. 

51 

Slow — Thin 
pellicle 

Above 
1.5  c.c. 

Vigorous 

0.33  c.c. 

Heavy 

Moderate 

No. 

67 

Scant — No 
pellicle 

Above 
1.5  c.c. 

Vigorous 

0.25  c.c. 

Heavy 

Faint 

No. 

,   125 

Moderate — 
Thin    pellicl 

e 

Above 
1.5  c.c. 

\'igorous 

0.25  c.c. 

Heavy 

Small 

No. 

126 

Rapid      and 
ous.     Heavy 

vigor- 
pellicle 

1.5  c.c. 

Vigorous 

0.25  c.c. 

Heavy 

Strong 

No. 

132 

Scant — No 
pellicle 

Above 
1.5  c.c. 

N'igorous 

0.25  c.c. 

Heavy 

Faint 

No. 

13S 

Scant — No 
pellicle 

Above 
1.5  c.c. 

\'igorous 

0.25  c.c. 

Heavy 

Faint 

Witte 

Rapid     and 

vigor- 

a.33  c.c. 

Vigorous 

0.25  c.c. 

Moderate 

Moderate 

ous.     Heavy 

pellicle 

Exp. 

No.   1 

Rapid      and 
ous.     Heavy 

vigor- 
pellicle 

0.40  c.c. 

Vigorous 

0.25  c.c. 

Heavy 

Very 
strong 

Exp. 

No.   2 

Rapid      and 
ous.     Heavy 

vigor- 
pellicle 

0.15  c.c. 

Vigorous 

0.25  c.c. 

Heavy 

Very 
strong 

1.5  c.c.  for  an  L  -j-  dose.  AX'itte's  peptone,  as  is  known,  also 
gives  good  growth,  but  a  toxin  of  almost  five  times  the  strength 
(L  +  dose  0.33  c.c).  The  most  potent  product,  however,  was 
furnished  by  "Experimental  No.  2"  with  an  average  L  -j-  dose 
less  than  half  that  of  Witte's  (0.15  c.c).  Individual  tests  of 
toxins  prepared  with  peptones  made  in  a  similar  way  have  shown 
even  higher  toxicities   (L  -\-  dose  0.10). 

All  of  the  products  examined  permit  of  vigorous  growth  and 
strong  toxin  formation  with  B.  tetani.  Tests  with  experimental 
preparations  show  that  many  hydrolized  proteins  have  this 
capacity.  As  may  be  further  noted  from  the  table,  heavy  growth 
of  B.  coli  was  obtained  with  all  of  the  products  except  Witte's 
when  used  in  Dunham's  media.  \\'ith  the  Witte  samples,  the 
growth  is  moderate  and  diffused  throughout  the  tube,  and  has 
no  tendency  toward  precipitation  as  found  with  some  of  the  other 
products.  Corroborating  the  tests  made  for  tryptophane  given  in 
Table  II,  the  experimental  products  are  found  to  give  the  strong- 
est indol  tests,  with  No.  126  next,  while  Witte's  and  No.  51 
follow,  both  showing  about  the  same  intensity  of  color  formation. 
Here  again,  as  with  dijththeria  toxin,  lu.xuriance  of  growth  is 
found  to  be  no  criterion  of  indol  formation. 
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DISCUSSION. 

Consideration  of  the  data  presented  in  the  preceding  brings 
into  question  the  vakie  of  the  examinations,  and  the  significance 
of  the  resuhs  obtained.  In  the  final  analysis,  the  vahie  of  any 
product  must  be  gauged  by  the  manner  in  which  it  fulfils  practical 
requirements.  With  a  substance  like  peptone,  the  point  at  issue 
is  not  whether  it  is  in  granular  form  or  powdered,  not  whether 
it  has  a  certain  quantity  of  total  nitrogen  or  chlorides,  but  how 
does  it  on  practical  test  meet  the  needs  of  the  bacteriologist.  In 
other  words,  the  product,  to  be  of  value,  must  contribute  to  the 
nutritive  requirements  of  the  ordinary  saprophytic  and  parasitic 
organisms  and  yet  be  of  sufficient  flexibility  in  its  constitution  so 
as  to  furnish  potent  toxins  or  permit  of  tracing  decomposition 
changes  produced  by  an  organism,  as  for  example  the  elaboration 
of  indol  or  the  production  of  hydrogen  sulphide.  Illustrative 
of  these  versatility  requirements  is  the  fact  that  Witte's  peptone 
is  employed  to  advantage  in  the  preparation  of  the  complex  media 
required  for  cultivating  the  spirochetes. 

Based  on  these  premises,  the  actual  bacteriologic  application 
of  test  peptones  by  incorporation  in  culture  media  is  the  crucial 
test  of  value.  Aside  from  giving  information  as  to  the  appear- 
ance of  the  media,  the  physical  properties  of  a  peptone  are  only 
of  passing  importance.  Quantitative  chemical  analyses  for  the 
gross  constituents  are  merely  of  value  as  means  of  controlling 
uniformity,  once  the  general  requirements  for  satisfactory  pep- 
tone are  established.  Thus,  a  big  deficiency  in  nitrogenous  con- 
stituents as  measured  by  total  nitrogen,  an  actual,  excessive 
acidity,  or  a  large  amount  of  mineral  matter  are  undesirable 
factors  revealed  by  such  analyses.  It  must  be  borne  in  mind,  in 
this  connection,  that  the  usual  concentration  in  which  the  peptone 
is  to  be  employed  rarely  exceeds  2  per  cent. 

More  important  information  as  to  the  applicability  of  a  pep- 
tone for  bacteriologic  purposes  is  furnished  by  the  qualitative 
examination  for  amino  acids  and  other  hydrolysis  products.  All 
protein  bodies  may  be  regarded  as  built  up  of  a  certain  number 
of  "bricks,"  of  which  amino  acids  play  the  most  important  part. 
Peptone,  which  is  a  protein  degradation  product  actually  has 
present  a  certain  amount  of  amino  acids  in  the  free  state  (Com- 
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pare  Table  III),  the  amount  depending  on  the  method  of  prep- 
aration employed. 

The  value  of  the  peptone  in  bacterial  nutrition  will  be  gov- 
erned entirely  by  the  "bricks"  present  which  can  be  utilized  by 
the  bacteria.  While  some-  of  these  basic  constituents  are  abso- 
lutely necessary  for  the  maintenance  of  bacterial  life  and  develop- 
ment, others  in  turn  will  be  utilized,  if  present,  for  the  production 
of  certain,  so  to  speak,  "by-products,"  not  essential  to  metabolism. 
Thus,  as  shown  by  the  results  given  in  Tables  II  and  IV,  the 
products  containing  appreciable  quantities  of  tryptophane  are 
found  to  give  marked  indol  formation  with  B.  coli.  This,  in  a 
measure,  also  explains  why  Bact.  diphtheriae  can  grow  luxuriantly 
as  in  No.  126  without  strong  toxin  formation.  The  results 
obtained  in  the  study  at  hand  show  that,  among  others,  tyrosin, 
as  well  as  tryptophane,  is  an  important  constituent  of  a  satis- 
factory bacteriologic  peptone. 

The  bacteriologic  data  presented  in  Table  lA'  show  that  the 
domestic  products  examined  give  either  weak  or  no  diphtheria 
toxin,  while  Witte's  gives  a  decidedly  potent  product.  On  the 
basis  of  the  above  statements,  this  should  be  due  to  the  presence 
of  "bricks"  in  Witte's  w^hich  are  not  present  in  the  other  brands. 
The  validity  of  this  hypothesis  is  shown  by  the  fact  that  an  ex- 
perimental product  (Experimental  No.  1)  devised  so  as  to  con- 
tain as  nearly  as  possible  the  basic  constituents  of  Witte's  pep- 
tone and  hydrolized  to  the  same  degree,  gives  very  nearly  the 
same  results  on  practical,  bacteriologic,  and  toxin  tests. 

From  theoretical  considerations  the  more  simple  the  essential 
basic  constituents  are,  the  better  will  they  be  utilized  by  bacteria. 
Experimentation  along  this  line  has  resulted  in  the  preparation 
of  a  product  (Experimental  No.  2)  which,  among  other  factors, 
has  been  hydrolized  to  a  much  greater  degree  than  either  \\'itte's 
peptone  or  tlic  first  exiJcrimental  product.  Talile  1\'  shows  that 
where  a  measure  of  bacteriologic  utilization  is  possible,  as  in 
production  of  diphtheria  toxin,  more  than  twice  the  potency  is 
obtained.  The  results  with  other  organisms,  taking  into  consid- 
eration the  limitations  of  such  findings,  fully  substantiate  the 
superior  nutritive  properties  of  the  product. 
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SUMMARY. 

1.  Physical  properties  and  gross  chemical  analyses  are  of 
secondary  importance  in  estimating  the  bacteriologic  availability 
of  peptones.  More  valuable  information  is  given  by  determina- 
tion of  the  protein  hydrolysis  products  present. 

2.  Comparative  values  of  practical  importance  are  best  fur- 
nished by  certain  biologic  tests  permitting  of  cjuantitative  esti- 
mation. These  are  the  elaboration  of  diphtheria  and  tetanus 
toxins,  and  to  a  less  extent  the  jjroduction  of  indol. 

3.  Domestic  peptones  furnish  satisfactory  tetanus  toxin,  but 
are  unable  to  give  a  ])otent  diphtheria  toxin — a  property  pos- 
sessed by  Witte's  peptone.  Indol-producing  power  is  shown  by 
some  of  the  domestic  products  as  well  as  by  Witte's  peptone. 

4.  An  experimental  peptone  is  described  which  answers  all 
the  recjuirements  of  bacteriologic  use,  including  the  production 
of  diphtheria  and  tetanus  toxins,  possessing  superior  activity. 
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ANTHELMINTIC  TREATMENT  FOR  NEMATODE 
INFESTATIONS  IN   DOGS. 

M.  C.  Hall,  Detroit,  Alien. 

The  two  kinds  of  worms  which  arc  most  im])()rtant  in  this 
country  as  common  and  injurious  parasites  of  dogs  are  ascarids 
and  hookworms.  There  are  two  species  of  ascarids  and  two  species 
of  liookworms  in  dogs,  but  only  one  species  of  each  appears  to 
be  common  in  this  country.  The  ascarids  are  rather  large  worms, 
from  2  to  8  inches  long,  and  may  be  white,  yellow  or  pink  in  color. 
Hookworms  are  somewhat  slenderer  and  shorter  than  an  ordinary 
pin ;  they  are  usually  white,  though  the  females  are  not  inf re- 
C[uently  rather  dark  colored.  Ascarids  are  fairly  common  almost 
anywhere  in  the  United  States  and  have  been  found  in  a  fairly 
large  proportion  of  dogs  at  practically  every  place  where  dogs 
have  been  examined  for  worms.  Hookworms  are  most  abundant 
in  the  vSouthern  States  and  in  localities  where  there  is  plenty  of 
moisture  and  warmth ;  they  are  not  very  abundant  in  the  colder 
and  drier  portions  of  the  United  States. 

As  a  general  rule,  dogs  in  this  country  which  are  said  to  have 
"worms,"  have  ascarids.  Ascarids  are  sufficiently  large  so  that 
the  owner  of  the  dog  is  apt  to  see  them  when  they  are  passed  or 
vomited.  Older  dogs  usually  sIkjw  but  lew  and  vague  symptoms 
of  worm  infestations,  but  pups  often  suffer  severe  reactions  as  a 
result  of  the  presence  of  these  worms.  In  a  general  w^ay,  worm 
infestation  is  an  afebrile  condition  with  unthriftiness,  which  is 
reflected  in  the  poor  condititjn  of  the  animal's  coat,  and  with  con- 
stipation or  diarrhea  as  a  common  accompaniment.  At  times, 
reflex  nervous  disturbances  accompany  these  conditions ;  this  is 
especially  apt  to  be  true  of  pups,  as  the  more  delicate  mucosa  of 
the  digestive  tract  in  young  animals  is  not  accustomed  to  the 
insults  of  worms,  bones,  hair  and  other  irritants,  as  is  the  mucosa 
of  older  animals. 


*Rcad  before   the  Southeastern  Michigan  Veterinary   Medical   .\ssociation,   October 
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Since  ascarids  are  the  worms  which  an  owner  usually  has  in 
mind  when  he  says  that  a  dog  is  "wormy,"  ascarids  are  the  worms 
the  veterinarian  is  usually  called  to  treat.  Fortunately,  the 
ascarid  is  one  kind  of  worm  that  is  easy  to  remove.  It  is,  of 
course,  necessary  to  use  suitable  drugs  in  adequate  dosage  under 
proper  conditions,  but  fortunately  we  have  such  drugs  and  they 
are  drugs  which  are  safe  in  therapeutic  dosage,  as  well  as  effective. 

The  best  drug  for  use  in  removing  ascarids,  as  Hall  and  Foster 
(1917)  have  shown  experimentally,  is  oil  of  chenopodium.  It 
has  a  very  high  efficacy  in  single  dosage,  and  can  be  depended 
on  to  remove  all  or  nearly  all  of  the  ascarids  present  in  the  great 
majority  of  cases.  No  drug  can  be  depended  on  to  remove  all 
worms  in  every  instance,  with  a  single  therapeutic  dose,  but  oil  of 
chenopodium  comes  closer  to  accomplishing  this  feat  than  any 
drug  of  which  we  are  aw'are.  In  our  experience  it  does  not  appear 
to  be  necessary  to  give  a  purgative  to  a  dog  the  day  before  treat- 
ment in  order  to  secure  good  results.  However,  it  is  probably  of 
some  use  under  certain  circumstances  in  cleaning  the  digestive 
tract  and  protecting  the  dog.  In  the  morning,  before  feeding,  give 
the  dog  the  oil  of  chenopodium  and  at  the  same  time  give  at  least 
an  ounce  of  castor  oil  to  dogs  of  average  size  (10  kilos;  22 
pounds).  Castor  oil  is  said  to  be  dangerous  with  such  drugs  as 
oleoresin  of  male  fern  or  thymol ;  it  is  the  best  possible  protection, 
so  far  as  we  know,  against  the  injurious  effects  from  oil  of 
chenopodium,  and  its  simultaneous  administration  increases  the 
efficacy  of  the  chenopodium.  Don't  feed  the  dog  for  at  least  two 
hours  after  treatment.  The  dose  of  oil  of  chenopodium  which 
I  have  arrived  at  experimentally  is  about  .1  mil  per  kilo  of  weight 
of  dog.  For  practical  purposes  the  following  is  eft'ective :  Give 
5  minims  to  dogs  weighing  10  pounds  or  less;  10  minims  to  dogs 
•weighing  -K)  to  20  pounds;  lo  minims  to  dogs  w^eighing  20  to  30 
pounds ;  and  not  to  exceed  20  minims  to  dogs  of  any  weight  over 
80  pounds.  These  doses  will  be  found  adequate  and  represent 
about  the  minimum  efficacious  dose.  It  is  always  advisable  to 
employ  the  minimum  effective  dose  of  almost  any  anthelmintic 
in  order  to  minimize  the  injurious  effect  on  the  host.  The  dose 
for  toy  dogs  should  be  cut  to  2  or  3  minims  if  the  size  and  con- 
dition of  the  animal  seem  to  require  this.  Oil  of  chenopodium 
may  be  given  in  castor  oil,  but  this  method  of  giving  it  usually 
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results  in  i)i"ofusc  salivation,  a  dccidcdl}-  unpleasant  thinj;-  about 
the  house.  It  may  also  he  given  in  the  ordinary  capsule,  init  this 
involves  the  danger  of  a  capsule  opening  while  it  is  being  forced 
down  a  dog's  throat,  with  a  resultant  ])neunionia  due  to  the  irritant 
action  of  the  chenopodiuni,  a  condition  which  may  terminate  in 
the  death  of  the  patient.  In  the  writer's  experience,  the  safest 
and  most  satisfactory  way  of  administering  oil  of  chenopodium 
to  dogs  is  in  the  soft  or  elastic  cai)sule.  Every  veterinarian  has 
a  preferred  method  of  administering  mechcines,  but  an  easy  way 
to  give  these  capsules  is  to  have  a  capable  assistant  or  the  dog's 
owner  hold  the  animal's  jaws  open,  with  gloved  hands  if  neces- 
sary, while  the  capsules  are  pushed  down  the  throat  and  the 
castor  oil  poured  after  them.  If  the  capsules  arc  not  swallowed 
before  the  castor  oil  is  given,  they  will  usually  go  down  readily 
with  the  oil.  especially  if  the  dog  is  given  a  slap  on  the  side  of 
the  jaw  as  he  is  released.  Occasionally  dogs  will  vomit  more  or 
less  after  the  administration  of  oil  of  chenopodium,  and  dogs 
occasionally  vomit  after  the  administration  of  castor  oil :  the  dog 
should  therefore  be  taken  after  treatment  to  some  place  where 
this  result  will  occasion  no  damage.  Even  when  the  dog  vomits, 
it  will  usually  be  found  that  an  adequate  anthelmintic  action  will 
follow  the  treatment.  I  find  that  I  can  give  .G  mil  of  chenopodium 
per  kilo  of  dog,  ^vith  large  amounts  of  castor  oil.  without  killing 
the  dog,  or  can  repeat  the  doses  noted  here  a  number  of  days  in 
succession,  but  in  veterinary  practice  it  is  always  advisable  to 
sta}'  well  on  the  safe  side  and  not  repeat  the  treatment  inside  of 
a  week.  This  is  not  for  the  reason  that  the  dog  may  die ;  that 
is  quite  milikely.  It  is  simply  in  the  interest  of  the  patient,  to 
allow  time  for  the  sul)siding  of  irritation,  inllammation  or  toxic 
effects  in  any  degree  that  may  result  from  the  treatment.  Should 
an  individual  dog  show  an  idiosyncratic  intolerance  for  cheno- 
podium, give  large  doses  of  castor  oil.  Adrenalin  and  digitalis 
are  also  indicated ;  these  counteract  the  lowered  blood  pressure 
and  depressant  effects  from  the  chenopodium.  In  order  to  be 
reasonably  sure  that  a  dog  is  completely  freed  from  ascarids, 
treatment  should  be  repeated  in  the  course  of  one  or  two  weeks, 
not  earlier  than  one  week,  whenever  possible.  This  second  treat- 
ment should  fail  io  bring  away  worms,  but  in  some  instances  the 
first  treatment  will  not  be  successful  in  remo\ing  all  the  ascarids 
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present.  1  find  the  treatment  outlined  here  100  per  cent  effective 
in  nearly  all  cases. 

Oil  of  chenopodium  is  being  used  in  human  medicine  to  a 
great  extent  against  hookworms.  It  will  remove  hookworms  from 
the  dog,  also,  but  not  with  the  same  certainty  and  efficacy  that  it 
(Hsplays  against  ascarids.  If  chenopodium  is  used  against  hook- 
worms in  dogs,  it  would  be  advisable  to  repeat  the  treatment 
weekly,  using  the  same  dose  as  for  ascarids.  It  would  be  inad- 
visal)le  to  repeat  oftener  than  once  a  week,  as  the  digestive  tract 
in  hookworms  cases  is  already  suffering  from  the  attacks  of  the 
worms  and  in  no  condition  to  stand  too  much  additional  irrita- 
tion. The  number  of  treatments  should  be  based  on  consider- 
ation of  the  patient's  condition,  or  on  fecal  findings,  or  on  both 
things.  Chloroform  in  amounts  two  to  three  times  as  great  as 
the  dose  of  oil  of  chenopodium  is  more  effective  against  hook- 
worm than  is  the  chenopodium,  as  Hall  and  Foster  (1917)  have 
shown. 

Santonin  is  another  drug  which  may  be  given  for  removing 
ascarids,  but  it  has  nothing  like  the  efficacy  of  oil  of  chenopodium 
when  either  one  is  given  in  single  therapeutic  doses.  To  secure 
results  from  santonin  it  is  necessary  to  repeat  the  dose  a  number 
of  times.  It  may  be  given,  1  grain  of  santonin  and  1  grain  of 
calomel  a  day,  as  often  as  necessary,  having  due  regard  for  its 
effect  on  the  patient,  and  especially  on  the  kidneys,  and  in  some 
cases  this  method  might  be  preferred  to  the  administration  of  a 
single  dose  of  oil  of  chenopodium,  but  for  certainty  of  results 
and  saving  of  time,  chenopodium  is  the  preferred  treatment.  The 
treatment  just  outlined,  1  grain  each  of  santonin  and  calomel 
daily  over  long  periods,  is  a  very  effective  treatment  for  the 
removal  of  whipworms,  as  only  an  occasional  dose  of  anthel- 
mintic enters  the  cecum,  where  these  worms  are  lodged,  and 
treatment  must  be  repeated  to  ensure  removal  of  these  worms. 
Santonin  is  of  no  value  against  hookworms,  even  in  oft  repeated 
doses. 
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THE  HYPODERMIC  USE  OF  IRON.* 

By  L.  W.  Rowe,  M.S.,  Detroit,  Michigan. 

The  use  of  iron  internally  as  a  tonic  in  cases  of  anemia  has 
been  for  years  and  still  is  a  common  procedure.  This  treatment 
is  entirely  safe,  but  is  also  somewhat  unreliable,  due  to  the  incom- 
plete absorption  and  assimilation  of  the  iron.  The  difficulty  has 
been  only  partially  obviated  by  the  internal  use  of  complex  organic 
preparations  of  iron,  several  of  which  have  been  placed  on  the 
market. 

In  recent  years  the  hypodermic  administration  of  iron  has 
become  increasingly  popular.  For  this  purpose  the  iron  is  usually 
presented  in  the  ferric  form  as  iron  and  ammonium  citrate,  since 
this  is  one  of  the  least  irritating  and  most  soluble  of  the  salts  of 
iron. 

Largely  due  to  the  comparatively  complete  and  rapid  absorp- 
tion which  follows  the  intramuscular  injection  of  a  solution  of  an 
iron  salt,  the  toxic  action  of  the  iron  is  sometimes  evidenced,  and 
reports  of  severe  systemic  reactions  following  the  hypodermic 
injection  of  iron  are  not  rare.  Aleyer  and  Gottlieb  state  that  the 
hypodermic  ^I.  L.  D.  of  iron  for  dogs,  cats,  and  rabbits  is  about 
30  mg.  per  kg.  body  weight.  The  average  therapeutic  dose  is 
very  much  smaller  than  this,  and  even  then  it  occasionally  causes 
trouble. 

Experimental  work  in  which  iron  in  some  form  has  been 
given  by  mouth  to  animals  has  been  reported  frequently,  but 
very  little  animal  experimentation  has  been  carried  out  in  which 
the  iron  was  administered  hypodermically. 

It  is  the  purpose  of  this  short  article  to  report  the  results  of 
some  experiments  in  which  iron  and  ammonium  citrate  solution 
was  administered  hypodermically  to  dogs  and  guinea-pigs  and  to 
suggest  a  possible  reason  for  the  apparent  inconsistency  which 
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exists  between  clinical  evidence  reported  by  physicians  and  the 
results  obtained  by  animal  experimentation. 

A  series  of  experiments  was  carried  out  u])on  dogs  to  deter- 
mine the  effect  of  intranuiscular  injections  of  iron  citrate  solution. 

Protocol  No.  I. 
White  bulldog,  weight  IG  kg.     Injected  intramuscularly  with 

1  mil  (Cc.)  of  10-per-cent  solution  of  iron  and  ammonium  citrate 
(green)  (about  1  mg.  of  iron  per  kg.)  each  day  for  four  con- 
secutive days.  No  noticeable  symptoms  were  observed  even  as 
late  as  two  weeks  after  the  series  of  injections  had  been  completed. 

Protocol  No.  2. 
Brown  bulldog,  weight  17  kg.     Injected  intramuscularly  with 

2  mils  of  10-per-cent  solution  of  iron  and  ammonium  citrate 
(green)  (about  2  mg.  per  kg.)  each  day  for  four  consecutive 
days.  'No  evidence  of  any  toxic  action  was  observed.  Absorp- 
tion of  the  material  injected  was  rapid  and  caused  no  unusual 
irritation. 

In  these  experiments  no  untoward  eft"ects  were  observed 
follow'ing  the  intramuscular  injection  of  iron  citrate  solution, 
although  the  larger  dose  is  twice  as  great  as  the  average  human 
therapeutic  dose. 

A  second  series  of  experiments  was  carried  out  upon  dogs  to 
determine  the  effect  of  intravenous  injections  of  iron  citrate 
solution. 

Protocol  No.  I. 
Brown  dog,  weight  10  kg.     Injected  intravenously  with  .6  mil 
of  10-per-cent  solution  iron  citrate  (green)   (about  1  mg.  of  iron 
per  kg.).     No  untoward  symptoms  observed. 

Protocol  No.  2. 
Black  and  white  dog,  weight   7  kg.     Injected  intravenously 
with  1.5  mils  of  5-per-cent  solution  iron  citrate  (ItaHan,  green) 
(about  1.5  mg.  of  iron  per  kg.).    No  reaction  observed. 

Protocol  No.  J. 
Brown  dog,  weight  10  kg.    Injected  intravenously  with  3  mils 
of  5-per-cent  solution  iron  citrate   (Italian)    (about   1.5  mg.  of 
iron  per  kg.).     No  reaction  observed. 
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Protocol  iVo.  ./. 
Black  (log,  weight  S  kg.     Injecled  intravenously  with  ].2~)  mils 
of  10-per-cent  solution  iron  citrate   (about  2.4  nig.  of  iron  i)er 
kg.).    No  reaction  observed. 

Protocol  No.  5. 
IJrown  dog,  weight  ]()  kg.     Injected  intravenously  with  '■>  mils 
of  10-per-cent  solution  iron  citrate   (about  -1.-^   mg.  of  iron   per 
kg.).     No  symi)toms. 

Protocol  No.  6. 

Black  dog,  weight  8  kg.  Injected  intravenously  with  1.5  mils 
of  ]0-per-cent  iron  citrate  solution  (about  2..S  mg.  of  iron  i)er 
kg.)  which  had  been  neutralized  wth  sodium  carbonate  and  an 
excess  of  the  carbonate  added.  This  slightly  alkaline  solution 
did  not  cause  any  toxic  symptoms. 

A  third  series  of  experiments,  using  guinea-pigs  as  the  test 
animals,  had  for  its  object  the  determination  of  the  subcutaneous 
toxicity  of  iron  citrate  solution. 

Protocol  No.  7. 
Guinea-pig,  about   300   gm.    weight,    injected   subcutaneously 
with  1  mil  of  10-per-cent  solution  iron  citrate  (about  50  mg.  of 
iron  per  kg.).     Pig  died  within  twelve  hours. 

Protocol  No.  8. 
Guinea-pig,   about   300   gm.   weight,    injected   subcutaneously 
with  .5  mil  of  10-per-cent  solution  (about  25  mg.  of  iron  per  kg.). 
Pig  died  within  twenty-four  hours. 

Protocol  No.  Q. 
Guinea-pig,   about   300   gm.   weight,    injected    subcutaneously 
with   .4  mil  of  10-per-cent  solution    (about  20  mg.  of  iron  per 
kg.).     Pig  lived. 

Protocol  A^o.  JO. 

Guinea-pig.  weight  about  300  gm..  injected  subcutaneously 
with  1  mil  of  5-per-cent  solution  iron  citrate  (Italian,  green) 
(about  25  mg.  of  iron  per  kg.).    Pig  died  about  two  days  later. 

The  last  four  experiments  (7  to  10  inclusive)  indicate  that 
the  toxicity  of  iron  citrate  solution  (green),  when  administered 
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subcutaneously  to  guinea-pigs,  is  about  1.5  mils  of  10-per-cent 
solution  or  0.15  gm.  of  the  salt  per  kg.  body  weight  (about  25 
mg,  of  iron  per  kg.).  This  compares  favorably  with  the  results 
reported  by  Meyer  and  Gottlieb,  since  their  dose  is  based  only  on 
the  amount  of  iron  in  the  compound,  and  they  used  larger 
animals. 

Schmiedeberg  speaks  of  the  marked  toxicity  of  the  double 
salts  of  iron  when  a  solution  of  these  is  rendered  weakly  alkaline 
in  reaction  and  injected  subcutaneously  or  intravenously.  Pro- 
tocol No.  6  failed  to  corroborate  the  work  of  Jacoby  as  cited 
by  Schmiedeberg. 

The  experiments  reported  in  this  article  are  largely  negative 
and  do  not  bear  out  the  occasional  unfavorable  clinical  reports. 
However,  in  severe  cases  of  anemia  in  which  iron  is  used  as  a 
therapeutic  measure  it  should  not  be  so  surprising  if,  sometimes, 
a  rather  marked  systemic  reaction  is  observed.  The  dose  gener- 
ally used  in  such  cases  is  too  large  to  be  absorbed  properly  and 
the  iron  entirely  changed  into  hemoglobin.  The  experiments 
carried  out  upon  healthy  dogs  represent  a  much  more  vigorous 
therapeutic  treatment  than  that  from  which  some  human  patients 
have  been  reported  to  have  suffered  severe  reactions.  There  is 
no  mention  made  in  any  of  the  standard  works  on  pharmacology 
that  dogs  are  unusually  resistant  to  the  toxic  action  of  iron,  so 
that  the  difference  between  the  results  on  animals  and  those  re- 
ported by  physicians  must  be  accounted  for  in  some  other  way. 
The  most  logical  explanation  of  this  difference  seems  to  be  that 
the  anemic  patient,  due  to  his  lowered  vitality,  is  unable  to  assimi- 
late large  doses  of  soluble  iron  salts  and  systemic  disturbances 
result. 

The  local  irritation  produced  by  the  hypodermic  use  of  iron 
solution  is  frequently  encountered.  In  experiments  upon  healthy 
animals  the  local  irritation  produced  has  not  been  found  to  be 
sufficient  to  merit  serious  consideration.  However,  as  in  the  case 
of  other  heavy  metals,  iron  apparently  causes  considerable  local 
irritation  when  injected  hypodermically  into  anemic  patients. 
This  difficulty  will  probably  never  be  entirely  overcome  until  a 
satisfactory  colloidal  solution  of  iron  is  prepared  for  hypodermic 
administration. 

Ferric  ammonium  citrate  when  properly  prepared  can  usually 
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be  safely  used  hypodcrmically  in  a  dose  of  0.1  gni.  (]  mil  of  a 
10-per-cent  solution).  Sollmann  makes  a  similar  statement  with 
regard  to  ferric  citrate.  However,  in  severe  cases  a  smaller  dose 
of  a  less  concentrated  solution  is  apparently  better  suited  for 
hypodermic  administration  if  an  undesirable  systemic  reaction  is 
to  be  avoided. 

The  conclusions  to  be  drawn  from  the  experimental  data  sub- 
mitted and  from  the  small  amount  of  available  literature  on  the 
subject  are: 

First,  that  animal  experimentation  does  not  corroborate  the 
untoward  clinical  results  that  are  frequently  obtained  in  the  hypo- 
dermic use  of  soluble  iron  salts ;  and, 

Second,  that  the  most  logical  explanation  of  these  untoward 
clinical  results  seems  to  be  that  the  weakened  patient  is  unable  to 
assimilate  the  iron  properly  and  symptoms  of  poisoning  conse- 
quently occur. 
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THE   VALUE   OF   THE   YEAST   VITAMINE  FRACTION 
AS  A  SUPPLEMENT  TO  A  RICE  DIET. 
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In  the  present  pa])er,  the  authors  report  the  first  of  a  series  of 
investigations  that  has  to  deal  more  particularly  with  the  efficiency 
of  the  vitamines  from  autolyzed  brewer's  yeast,  in  respect  to 
their  value  as  an  adjuvant  to  a  diet  that  has  been  shown  to  be 
deficient  in  some  particular  vitamine.  Thus,  while  it  is  known 
from  the  work  of  Chamberlain,  Vedder,  Funk,  Suzuki,  Eykmann, 
Williams,  Seidell  and  others,  that  polished  rice  as  the  sole  article 
of  diet,  in  the  case  of  pigeons  and  man,  will  produce  typical 
polyneuritis  and  beri-beri,  respectively,  and  that  these  dietary 
deficiency  diseases  can  be  treated  effectively  by  giving  a  dose  of 
the  vitamine  fraction  from  brewer's  yeast,  it  is  also  pertinent  to 
know  liozv  effective  a  rational  treatment  zvith  this  sanie  vitamine 
li'ill  he  as  a  therapeutic  Uijent  in  convalescent  subjects.  Stating  this 
in  another  way,  using  the  same  illustration,  will  the  supplementing 
of  the  polished  rice  diet  with  the  yeast  vitamine  (where  i)igeons 
have  been  cured  of  ]K)lyneuritis )  not  only  jirevent  the  recurrence 
of  the  disease,  but  zvill  it  bring  about  as  full  a  recovery,  measured 
by  the  gain  in  body  weight,  as  a  diet  that  is  known  to  be  complete 
in  respect  to  the  particular  \itamines  inxolved? 

Hopkins,  Stepp,  Funk  and  coworkers,  Osborne  and  Mendel,  McCollum 
and  coworkers,  Drummond  (1),  and  others  have  given  abundant  evidence 
of  the  importance  of  accessories  in  the  normal  dietarj-.  Funk  (2)  found 
wlien  polished  rice  was  supplemented  with  a  crystalline  vitamine  prepared 
from  yeast  that  it  was  a  complete  food  in  the  sense  that  the  diet  not  only 
prevented  the  onset  of  polyneuritis  l)ut  brought  about  a  gain  in  weight. 
These  tests  extended  over  only  29  days.  He  concluded  that  there  was  no 
justification  for  the  belief  that  there  might  be  two  vitamines — one  for 
curing  polyneuritis,  and  one  for  maintaining  weight.  Funk,  Lyle,  and 
McCaskey  (3)  report  a  study  where  they  endeavored  to  determine  the 
nutritive  value  of  yeast,  polished  rice,  and  white  bread  from  the  stand- 
point i)f  the  influence  of  vitamines  upon  the  metabolism  of  man.     It  was 
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fouiul  that  tlic  \aluc  ol"  (lrio>l  yeast  as  a  scnircc  of  iirutcin  was  not  \  cry 
Kood.  The  hit^h  content  of  the  pnrines  in  the  yeast  caused  a  noticeahle 
rise  in  uric  acid  in  tlie  Itlocd,  and  showed  definitely  that  yeast  should  not 
be  used  too  freeh'  as  a  substitute  for  other  foods.  Further,  when  the 
vitamine-  and  purine-free  diet  was  supplemented  witii  a  vitamine  prepara- 
tion, made  by  Seidell's  metlicd  (4),  there  seemed  to  have  l)een  no  appar- 
ent effect  produced  on  the  nitrogen  lialance.  The  authors  state  that  this 
may  ha\e  been  due  to  the  shortness  of  the  metabolism  period,  or  to  the 
fact  tliat  the  vitamine  preparation  was  not  sufficiently  active.  They  found 
tliat  a  vitamine-free  diet  of  white  bread  and  polished  rice  required  more 
nitrogen  than  a  diet  of  whole  wheat  bread  or  potato  to  produce  a  positive 
nitrogen  balance. 

In  the  particular  case  of  polished  rice,  McCollum  and  Davis  (1)  have 
shown,  in  feeding  young  rats,  that  it  is  necessary  for  normal  grow^th  to 
supplement  the  d'ct  witii  l)oth  the  water-soluble  ar.d  fat-soluble  acces- 
sories or  vitamines,  even  though  the  protein,  carbohydrate,  and  salts  in  the 
ration  are  liberal  in  amount.  McCollum  and  Kennedy  (5)  report  in  their 
work  on  polyneuritis  in  pigeons  that  the  water-soluble  accessory  is  directly 
concerned  in  the  prevention  and  cure  of  this  disease  and  that  the  fat- 
soluble  fraction  is  related  to  maintenance. 

Funk  and  Cooper  Iwth  demonstrated  that  autolyzing  yeast  increased  its 
value  as  a  curatixe  agent  for  polyneuritis,  Seidell  (6)  has  confirmed  this 
more  recently.  Funk  and  Macallum  (7)  believe  that  autolyzed  yeast 
contains  at  least  two  vitamines — one  which  will  cure  polyneuritis  and  the 
other  which  will  stimulate  growth.  They  found  that  the  addition  of  this 
yeast,  along  with  butter  fat,  to  a  rat'on  accelerated  growth  in  rats ;  that 
when  lard  was  introduced  in  place  of  butter  fat  no  growth  resulted  if  the 
yeast  was  dried,  but  if  the  yeast  was  moist,  growth  resulted,  although  to 
a  lesser  degree  than  with  the  butter  fat ;  and  it  seemed  that  the  growth- 
promoting  substance  in  yeast  was  practically  identical  with  the  polyneuritic 
vitamine.  except  that  it  recpiired  more  of  the  former  to  l)ring  about  growth 
than  of  the  latter  to  produce  a  cure, 

Seidell  fed  pigeons  a  diet  of  polished  rice  and  ad.lcd  to  it  an  autol\zed 
yeast  vitamine  preparation,  made  in  accordance  with  his  method,  using 
Lloyd's  anhydrous  aluminum  silicate  as  the  adsorptive  agent.  He  found 
with  this  supplement  that  normal  pigeons  when  ])ut  upon  this  diet  from  the 
first  showed  no  bad  effects,  but  in  some  cases  they  made  slow  but  gradual 
gains  in  weight  over  a  period  of  60  days.  Williams  and  Seidell  (8)  were 
able  to  separate  a  crystalline  product  from  the  Seidell  yeast  vitamine  that 
contained  an  active  principle.  This  material  was  curative,  and  in  adminis- 
tering it  to  polyneuritic  pigeons  it  brought  about  gains  in  weight  on  a 
polished  rice  diet.  The  gains  amounted  to  about  80  per  cent  of  the  initial 
.weight  in  tests  covering  80  days.  However,  these  gains  took  place  during 
the  first  25  to  30  days  following  the  treatment,  after  wh'ch  the  weight 
remained  practically  constant.  In  one  case,  a  polyneuritic  pigeon  regained 
its  original  weight  in  30  days,  but  an  unusually  large  dose  (50  mg.)  of  the 
crystalline   material   was   given.      In   another   report,    Seidell    showed   that 
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the  autolxzed  yeast  filtrate  will  stimulate  an  appreciable  gain  in  weight  in 
the  case  of  a  normal  jjigeon  if  given  in  sufficiently  large  amounts — much 
more  than  that  needed  for  curing  pigeons  of  polyneuritis.  He  estimated 
that  the  diet  of  pigeons  should  contain  a  little  less  than  0.0033  per  cent  of 
vitamine. 

Funk  (9)  in  considering  the  dietary  factors  in  relation  to  growth  states 
that  while  yeast  promotes  growth,  the  Seidell  vitamine  preparation  from 
autolyzed  yeast  with  Lloyd's  reagent  was  greatly  deficient  in  the  growth 
stimulant  and  has  lost  some  of  its  antiscorbutic  property. 

EXPERIMENTAL. 

The  pigeons,  with  the  exception  of  a  few  which  were  kept  for 
normal  controls,  were  put  upon  polished  rice  as  the  sole  food, 
along  with  distilled  water.  At  first,  the  birds  on  the  polished 
rice  were  forcibly  fed  after  they  began  to  show  a  gradual  loss  of 
appetite.  Later,  this  procedure  was  discontinued,  as  it  appeared 
in  comparison  with  the  pigeons  which  were  not  forcibly  fed  that 
the  additional  labor  involved  was  possibly  not  justified.  W^e  are 
not  fully  convinced,  however,  at  this  time,  that  this  is  true  in  all 
cases,  inasmuch  as  the  factor  of  inanition  in  some  cases  seemed  to 
introduce  complications  which  rendered  some  pigeons  more 
susceptible  to  infection. 

When  the  pigeons  came  down  with  typical  polyneuritis  and 
reached  the  critical  stage,  they  were  treated  with  the  Seidell 
autolyzed  yeast  vitamine.  Special  care  was  used  to  keep  the 
l)irds.  during  this  period  of  the  disease  and  treatment,  isolated 
in  separate  cages,  as  it  was  evident  to  us  that  absolute  ciuiet  was  a 
factor  which  tended  to  hasten  the  recovery  of  the  jiigeons.  For 
24  hours  therefore  after  treatment,  the  pigeons  were  handled 
only  when  absolutely  necessary,  given  water  ad  libit  it  in.  and  only 
a  very  limited  amount  of  feed. 

The  diet,  after  the  treatment,  consisted  of  one  of  the  following: 
polished  rice  with  vitamine.  shelled  corn,  brown  or  natural  rice, 
brown  rice  with  vitamine,  barley,  unhulled  oats,  and  hulled  oats. 
In  general,  one  of  these  diets  was  fed  until  the  pigeons  seemed 
to  cease  to  gain  in  weight,  when  another  diet  was  substituted  for 
it.  Xo  attemjit  was  made  to  adjust  the  mineral  deficiencies  in 
the  different  foods. 

Preparation  of  tlic  Yeast  J'itainine. — In  general,  the  method  of 
Seidell  was  followed  in  separating  the  vitamine  from  the  autolyzed 
brewer's    yeast    filtrate.      We    introduced    certain    modifications 
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relating  to  the  removal  of  the  liquor  from  the  yeast,  the  drying 
of  the  yeast,  the  length  of  time  of  antoly/.ing,  etc. 

Several  forms  of  aluminum  silicate  were  tested  as  to  their 
adsorptive  power  for  vitamine,  among  them  being  infusorial 
earth ;  the  trade  products  "filtercel"  and  "celite  B ;"  the  usual 
form  of  fullers'  earth;  and  the  special  form  of  fullers'  earth, 
called  Lloyd's  reagent.  Lloyd's  reagent  was  taken  as  the  stand- 
ard. The  activated  vitamine  materials  were  made  into  tablets, 
a  definite  amount  of  lactose  being  added  so  as  to  provide  the 
necessary  excipient  to  give  them  the  proper  body. 


DISCUSSION". 


Effect  of  the  Reagents  in  Producimj  Polyneuritis. — In  Chart  1 
four  typical  curves  are  shown  representing  the  effect  of  feeding 
pigeons  polished  rice  supplemented  with  one  of  the  following 
reagents :  Lloyd's  special  fullers'  earth,  ordinary  fullers'  earth, 
and  lactose.  The  results  show  conclusively  that  these  reagents 
had  no  intfuence  in  retarding  or  hastening  the  onset  of  the  poly- 
neuritic attack  or  in  effecting  the  loss  in  weight.  The  difference 
in  the  length  of  time  that  was  required  to  bring  about  the  typical 
stage  of  polyneuritis  was  no  greater  than  the  variations  in  time 
that  we  have  found  with  a  large  number  of  pigeons  that  we  have 
fed.  The  time  of  the  onset  depends  in  part,  it  seems,  upon  the 
thriftiness  of  the  pigeons  at  the  start,  the  age,  the  temperature 
of  the  room,  and  whether  the  birds  are  forcibly  fed  or  not. 

Comparative  lvalue  of  the  Lloyd's  Reagent  and  Fullers'  Earth 
Vitamine  Preparations. — In  Chart  2,  Pigeons  18  and  23  represent 
two  groups  of  birds  that  were  fed  polished  rice  alone.  No.  23 
was  treated  for  polyneuritis  with  Lloyd's  reagent  yeast  vita- 
mine (L.R. )  and  No.  IS  with  the  fullers'  earth  preparation  (F.E.). 
The  curves  illustrate  very  clearly  the  comparative  value  of  the 
tw^o  vitamine  preparations,  showing  that  they  were  apparently 
of  equal  strength,  when  given  in  the  same  amounts.  A  number 
of  similar  tests  indicated  definitely  that  one  preparation  was  as 
good  as  the  other  and  that  both  were  as  effective  in  the  treatment 
of  pigeons  as  the  autolyzed  yeast  filtrate  itself. 

After  treatment,  these  respective  birds  were  placed  on  the 
polished  rice  diet,  supplemented  with  the  same  kind  of  vitamine 
preparation  that  was  used  in  bringing  about  the  recovery   from 
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the  attack  of  poKiuniritis.  Later,  tlic  pigeons  were  put  on  harley 
without  \itaniiiu'.  ihcu  on  oats,  and  linall)'  on  hulk'tl  oats. 
Throu.^hout  this  whole  cycle,  the  two  respectixc  cur\cs  followed 
in  almost  the  same  direction. 

InfJuoicc  of  the  Different  Pirliiry  I'rcalntriils  on  Polyneuritic 
Pi(/cons. — The  effect  of  feeding  the  ])igeons,  after  they  were 
hrought  down  to  the  typical  and  fulminating  stage  of  polyneuritis 
and  then  treated  with  the  vitamine  preparation,  is  shown  in 
Charts  3  and  1. 

Other  instances  of  the  etiecl  upon  the  weight  curxes  of  feeding 
pigeons  polished  rice  along  w  ith  the  Seidell  autoly/.ed  yeast  vita- 
mine  (  I-M'"..  ),  are  shown  in  the  case  of  Nos.  3T  and  02,  Chart  1  : 
and  also  of  Xos.  K)  and  l.\  after  their  recovery  from  the  second 
attack  of  polyneuritis.  Chart  4. 

It  was  assumed  that  the  ([uantity  of  yeast  \itamine  added  in 
supplementing  the  rice  diets  ought  not  to  be  more  than  the 
amount  used  in  the  treatment  for  the  typical  attack  of  polyneuritis, 
since  this  amount  was  always  as  great  as  the  (piantity  contained 
in  an  e(|ual  weight  of  brown  or  natural  rice.  It  seemed  to  us 
that  if  a  much  larger  amount  of  this  particular  vitamine  was 
needed  to  bring  about  as  good  a  recoxery  as  could  be  obtained  Ijv 
feeding  a  diet  of  brown  rice  or  other  \'itamine-c<Mitaining  grains, 
then  we  were  dealing  here  w  ith  a  vitamine  ])re|)aration  that  was 
qualitatively  dift'erent  from  that  which  was  remo\-ed  in  the  ])o!ish- 
ing  of  the  rice,  the  diff'erence  being  due  either  to  the  \itamine 
contained  in  the  autolyzed  yeast  liltrate  or  to  the  alteration  of 
this  \itamine  by  tlie  nu-lhod  which  was  used  in  separating  it  from 
the  yeast  hltrate.  The  amount  used  was  e(|ui\alent  to  <).<i:}  to 
0.0(5  gm.  of  the  Seidell  \itamine  ])er  day. 

To  summarize,  after  making  allowance  for  the  intluence  of 
confinement  and  en\ironment  upon  the  weight  of  the  pigeons, 
the  effect  of  the  dietary  treatments,  after  recovery  from  a  tyf'ical 
attack  of  polyneuritis,  was  as  follows : 

(a)  Polished  rice  plus  the  autoly/.ed  }east  \itamine  of  Seidell 
prevented  a  recurrence  of  i)olyneuritis,  and  brought  about  a 
partial  gain  in  weight,  which  after  T')  to  !»()  days  from  date  of 
recovery  began  to  decrease  and  then  came  to  a  more  or  less 
constant  level.     The  birds   were  active   and   thrifty   throughout. 

(/')    lirow  II  rice,  as  the  sole  diet,  brought  about  \ery  good  gains. 
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In  some  cases  the  ])i,i,feons  not  only  recovered  all  that  they  lost 
in  coming  down  with  ]>olyneuritis,  but  went  beyond  their  initial 
weight  at  the  time  of  being  put  in  the  cage.  It  is  barely  possible, 
although  doubtful  in  the  light  of  our  i)resent  knowledge,  that 
some  of  the  diiTerences  between  the  effect  of  this  diet  and  the 
preceding  one  (a)  may  have  been  due  in  part  to  the  removal  of 
phosphorus  in  the  polishing  of  the  rice.  This  point  is  being 
studied. 

(c)  Brown  rice  plus  the  yeast  vitamine  produced  the  best  gains 
of  any  diet  tried.  The  yeast  vitamine  acted  as  a  stimulant  here, 
even  though  there  was  an  ample  amount  of  vitamine  in  the  brown 
rice  alone  to  produce  normal  gains. 

(d)  Shelled  corn  was  an  efficient  diet,  producing  gains  that 
were  greater  than  those  obtained  with  the  polished  rice  plus  the 
vitamine,  but  less  than  those  with  the  brown  rice  alone. 

(r)  Barley  brought  about  fair  gains,  better  than  the  polished 
rice  plus  vitamine,  but  its  efifect  was  soon  lost,  the  pigeons  de- 
clining rai;>idly  in  weight. 

(/)   Unhulled  oats  proved  to  be  unsatisfactory  as  a  normal  diet 
for  pigeons. 
(g)    Hulled  oats  were  much  better  than  the  unhulled. 

CONCLUSIONS. 

From  these  studies,  which  have  extended  over  a  much  longer 
period  of  time  than  any  of  those  previously  reported  on  this 
subject,  it  appears : 

1.  That  ordinary  fullers'  earth,  ground  to  a  definite  fineness, 
adsorbs  the  yeast  vitamine  fraction  from  the  autolyzed  yeast 
filtrate  as  readily  as  the  special  form  of  fullers'  earth,  called 
Lloyd's  reagent.  Further,  the  Kiesch/uhrs  (infusorial  earth, 
"celite  B,"  and  "tiltercel")  do  not  adsorb  the  yeast  vitamine. 

2.  That  these  two  forms  of  activated  fullers'  earth  are  equally 
potent  and  very  efticient  as  therapeutic  agents  in  the  treatment 
for  typical  attacks  of  avian  polyneuritis. 

3.  That  silicates  in  the  form  of  ordinary  fullers'  earth,  Lloyd's 
reagent,  or  infusorial  earth,  when  added  to  a  polished  rice  diet, 
do  not  inhibit  or  accelerate  the  onset  of  avian  polyneuritis ; 
and  that  lactose,  used  in  making  the  vitamine  tablets,  is  also 
inert  in  this  respect. 
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4.  That  (a)  the  acti\ate(l  fullers' earth  when  given  -ds  n  ralioiuil 
suit[)]ement  to  a  polished  or  a  In'own  rice  diet,  acts  as  a  partial 
stimulant  to  increase  the  weight  of  the  treated  ])olyneuritic 
jjigeons ;  (b)  it  does  not,  however,  in  the  case  of  the  ])olished  rice, 
accelerate  the  increase  in  weight  to  anything  like  that  which  is 
produced  under  similar  conditions  with  hrown  rice  alone,  corn, 
barley,  or  hulled  oats;  and  (c)  comparatively  speaking,  this 
activated  yeast  vitamine  is  not  a  complete  supplement  to  a 
polished  rice  diet. 

-■).  That  there  are  apparently  two  so-called  \  itamines  associated 
w  ith  rice  polishing,  one  which  cures  polyneuritis  and  one  wdiich 
produces  weight,  and  of  these  two,  the  Seidell  yeast  vitamine 
])rej)aration  contains  chiefly  the  curative  fraction,  along  with  a 
small  per  cent  of  the  other. 

6.  Finally,  it  is  evident  that  while  this  activated  yeast  vitamine 
product  is  a  valuable  adjuvant  to  the  diet  in  the  case  of  con- 
valescents from  avian  polyneuritis,  yet,  for  the  best  results,  the 
diet  should,  in  addition,  be  made  up  in  part  at  least  of  vitamine- 
containing  foods,  not  for  the  purpose  of  preventing  the  recurrence 
of  typical  attacks  of  this  dietary  deficiency  disease  (for  the  prep- 
aration is  able  to  do  this)  but  with  the  object  of  bringing  about 
normal  gains  in  weight  and  complete  recovery. 
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Chart  1.  The  curves  .shnw  tliat  tlie  su|Jiilcnienting  of  the  poli.shed  rice  diet  with 
lactose,  or  fullers'  earth,  or  the  s|iecial  form  of  fullers'  earth  called  Lloyd's  reagent, 
has  no  effect  upon  accelerating  or  retarding  the  onset  of  polyneuritis.  After  the  55th 
day,  the  curves  for  Pigeons  37  and  52  illustrate  the  influence  of  feeding  convalescent 
polyneuritic  pigeons  upon  polished   rice   and  yeast  vitamine    (Seidell). 
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Chart  2.  The  two  weight  curves  indicate  how  closely  tlie  vitaniiiie  preparations, 
made  with  the  usual  fullers'  earth  and  the  special  form,  Lloyd's  reagent,  compare  as 
to  their  curative  and  therajjeutic  value.  They  also  represent  the  comparative  value  of 
the  rations  of  polished  rice  with  vitaminc,  barley  alone,  oats  alone,  and  hulled  oats 
alone. 
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CiiAKT  3.  These  weight  curves  show,  first,  the  efYect  of  confinement  in  the  cage 
and  environment  over  the  first  55  to  80  days;  second,  the  neutral  effect  of  infusorial 
earth  (Pigeon  1);  third,  the  therapeutic  value  of  yeast  vitamine  as  a  supplement  to 
the  diets — polished  rice  alone,  polished  rice  with  yeast  vitamine,  brown  or  natural 
rice  with  yeast  vitamine,  compared  with  brown  rice  alone,  corn  alone,  and  barley 
alone. 
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Chart  4.  The  curves  show,  lirst,  tlic  typical  decline  in  weight  witli  a  polished  rice 
diet;  second,  the  comparative  nutritive  value  of  brown  or  natural  rice  and  corn  when 
fed  to  pigeons  after  vitamine  treatment  for  tyi)ical  polyneuritis;  and  third,  the  thera- 
peutic value  of  supplementing  a  vitamine-free  diet  (polished  rice)  with  yeast  vitamine 
compared  with  vitamine-containing  foods,  brown  rice,  corn,  and  barley. 
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NEW   SPECIES    AND    VARIETIES    FROM    MICHIGAN.* 

By  Oliver  Atkins  Farwell. 

CYPERACE^.. 

SciRPU.s  occiDENTALis  (W'atsoii)  Cliasc.  variety  congestus,  N. 
var. 

Spikelets  aggregated  into  a  sessile  glomerule,  or  if  peduncles 
are  ])resent  these  are  so  short  that  they  are  hidden  by  the  spike- 
lets.  Marl  lake.  No.  4294,  July  i>,  lOlG,  and  No.  4376,  August  ]3, 
191  ().  Bears  the  same  relation  to  the  species  that  variety  coiifcrtits 
does  to  S.  ruhrothictns.     Not  so  common  as  the  species. 

Care.x  canescens  Lin.  var.  heterostachya.  N.  var. 

In  this  form  of  the  species  the  terminal  spike  is  entirely  stam- 
inate.     Collected  on  the  Keweenaw   Peninsula  many  years  ago. 

JUNCACE^.. 
JuNCUS  BUFoNius  Lin.  var.  ranarius.  N.  \'ar. 

Junciis  ranarius  Song,  et  Perrier  in  Billot  Annot.  Fl.  France  et 
Allem.     192,  1859  not  Nees.  1S47.   f?) 

."Sheathes  of  the  lowest  leaves  dark  red.  the  petals  acute  not 
awl  i)ointed,  about  the  length  of  the  capsule  and  .shorter  by  about 
a  millimeter  than  the  awl  pointed  sepals.  In  this  jilant  the  flowers 
are  single  and  remote  as  in  the  species,  but  the  petals  are  shorter 
than  the  sepals  and  not  awl  pointed,  resembling  in  these  char- 
acters the  \ar.  halopliUus.     l\i\er  Rouge,  No.  4842,  July  21,  1916. 

ORClllDACE.E. 
CoRALLORii  i/.A  MAcrr.ATA   Kaf.  var.  i.xtermedia,  N.  var. 

Whole  plant  puri)li.sh  yellow  ;  lip  white  with  two  or  three  large, 
vcr\-  pale  purplish  spots;  no  spots  on  the  oUier  petals  or  sepals. 
Copper  Harbor,  Keweenaw  Peninsula,  No.  4003.  July  S,  1915. 
ICxactlv   intermediate   between   the   species   and   the   var.   ffaz'ida 
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(Peck)  Cockrl.  in  color  and  in  spots  which  are  found  only  on 
the  lip  and  are  fewer,  larger,  and  paler  than  in  the  species.  The 
species  is  common ;  and  the  var.  fiavida  also  is  found  at  Copper 
Harbor,  No.  4002,  July  8.  1015. 

CRUCIFERACE^. 

Arabis  l^vigata  (Muhl.)  Poir.  var.  heterophyla,  N.  var. 

Arahis  heterophylla  Nutt. ;  T.  &  G.  Fl.  N.  Anier.  I,  81, 
1838.     ( ?) 

Lower  part  of  stem,  including  leaves,  and  the  rosette  leaves 
pubescent  with  short,  spreading  hairs,  elsewhere  glabrous  and 
glaucous.  Rosette  leaves  and  lowermost  stem  leaves  lyrately 
pinnatifid  gradually  passing  to  obovate  and  lacinate,  thence  to 
ovate,  ovate-,  oblong-,  and  linear-lanceolate  and  dentate  or  entire. 
The  rosette  leaves  and  those  on  the  lower  part  of  the  s^e::i  are 
purplish  underneath.  Flowers  erect  on  erect  or  slightly  spreading 
pedicels ;  petals  white,  six  or  seven  millimeters  long,  from  one- 
half  as  long  again  to  twice  as  long  as  the  sepals ;  pods  spreading 
or  recurved  five  to  seven  centimeters  long  by  one  and  three- 
quarters  to  two  millimeters  wide  with  a  short,  stout  style  not 
over  a  millimeter  long  or  sessile  stigma.  Zoological  Park  near 
Royal  Oak  No.  4210,  July  13,  1916. 

This  plant  cannot  be  typical  A.  kcvigata  as  that  is  always 
described  as  entirely  glabrous  and  glaucous,  while  the  lower  parts 
of  this  plant  are  pubescent.  The  longest  leaves  are  on  the  basal 
part  of  the  stem  and  are  about  live  centimeters  long ;  the  shortest 
are  the  uppermost  and  are  six  or  seven  millimeters.  It  may  be 
the  ./.  heterophylla  of  Nuttall  which  was  described  as  with  hir- 
sute radical  leaves. 

SAXIFRAGACE^. 

Tiarella  cordU'Olia  Lin.  var.  bracteata,  N.  var. 

Scape  bearing  on  the  middle  section  a  petioled  leaf  somewhat 
similar  to  the  basal  but  much  reduced  in  size ;  petiole  three  milli- 
meters to  two  centimeters  long  and  the  ovate,  three-lobed  blade 
from  one-half  to  two  centimeters  in  length  and  breadth.  Near 
Disco,  Macomb  Co.,  No.  4ir)3,  Alav  2."),  1!)16. 
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calcaratace;e. 

\'i()i.A  Canadensis  Lin.  \ar.  rur.ENS,  N.  var. 

More  or  less  densely  and  almost  canescently  intbescent  through- 
out with  short,  spreading-  hairs.  Otherwise  like  the  specific  type 
which  is  here  considered  to  be  the  common  glabrous  form.  Near 
Disco  in  ^lacomb  Co..  No.  4155,  May  25,  1916. 

A'loi.A  tONSPi-.RSA  Reichb.  \ar.  Masonii,  X.  var. 

Flowers  pure  white.  Has  the  appearance  of  Y.  striata  but  can 
be  readily  distinguished  by  the  entire  sepals.  Near  Utica,  No. 
41(;;!,  June  (i,  lOlfi.  Named  for  ]\Ir.  E.  W.  ]\Iason  of  Eapeer. 
who  first  observed  it  near  Utica  and  who  called  my  attention 
to  it. 

Viola  rostrata  Ait.  var.  elongata,  N.  var. 

Spur  15  to  18  millimeters  long;  sepals  narrow,  one  millimeter 
or  less  wide.  Near  Utica.  No.  4166,  June  16,  1916.  Differs  from 
the  species  in  haA'ing  a  much  longer  spur  and  much  narrower 
sepals. 

LABIATACE^.. 

Scutellaria  lateriflora  Lin.  var.  alriflora,  N.  var. 
Flowers  white.     Grosse  Isle,  No.  4385,  August  20,  1916. 

rinCxEntace;e. 

MiMULUS  ALATUS  Ait.  var.  Chandleri,  N.  var. 

Flowers  pale  lavender  to  white.  Collected  by  Mr.  B.  F.  Chand- 
ler of  Detroit,  at  Gawkler's  Point  in  August,  ]91(). 

JMiml'H's  rixgens  Lin.  \ar.  congesta,  N.  var. 

Peduncles  shorter  than  their  subtending  leaves.  Grosse  Isle. 
No.  4391.  August  20,  1916.  In  the  specific  type  the  peduncles 
are  longer  than  their  subtending  leaves  on  the  upper  parts  of  the 
plant,  forming  a  broad  and  open  inflorescence.  In  this  variety 
the  peduncles  are  much  shorter,  forming  a  narrow,  close  in- 
florescence. 
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A''i:ronica  Anagallis-aquatica  Lin.  var.  glandulosa,  N.  var. 
Stem  more  or  less  glandular  pubescent.     Whole  plant  smaller 
and  less   succulent  than   in  the   specific   type.     Zoo   Park,   near 
Royal  Oak,  No.  4323,  July  13,  1916. 

Pedicularis  lanceolata  A'Ix.  var.  hirsuta,  N.  var. 

Stems  and  branches  hirsute.  In  the  typical  plant  the  stems 
and  branches  are  glabrous.  On  Parkedale  Farm,  No.  4418^, 
September  3,  1916;  No.  4016,  September  3,  1915;  No.  4134, 
October  15,  19] 5,  from  Detroit. 

COMPOSITACE^. 

Aster  Nov^-Angli^  Lin.  var.  monocephala,  N.  var. 

Stem,  simple,  strict,  ending  in  a  single  head.  Belle  Isle  and 
other  places  in  Detroit. 

Heliopsls  scabra  Dun.  var.  intermedia,  N.  var. 

Stems  glabrous ;  leaves  firm  and  harshly  scabrous  as  in  the 
species.  Near  Rochester,  No.  4330,  July  15,  1916,  and  No.  4349, 
August  12,  1916,  near  Farmington.  The  species  has  a  very 
scabrous  stem  as  well  as  leaves. 

Lactuca  Canadensis  Lin.  var.  alboc^rulea,  N.  var. 

Flowers  pale  blue  to  white.  Bloomfield,  No.  4394,  August  22, 
1916. 
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RARE  OR  INTERESTING  PLANTS  IN  MICHIGAN.* 

By  O.  a.  Fakwixl. 

POLYPODIACE^. 

FiLix   I  KiSTATA   (Lin.)    Farwell  var.   Clintoniana    (D.  C.  E.) 
Farwell. 
A  rare  fern.     Only  three  stations  are  given  for  it  by  Beal  in 
the  ISlichigan  Flora.     It  is  to  be  found  in  cool,  moist  woods  near 
Utica.    No.  4179,  June  6,  1916. 

SPARGANIACE^. 
Spargaxium  simplex  Hudson. 

Several  species  have  been  segregated  from  the  S.  simplex  of 
our  earlier  manuals.  I  have  not  seen  anything  answering  to  the 
S.  siiiiMc.v  Hudson  as  now  understood.  5^.  Amcrica}uim  Nutt.  and 
S.  divcrs'ifolium  Graebner  should  replace  the  S.  simplex  of  Seal's 
Michigan  Flora. 

Spargaxium  Americanum,  Nutt. 

4348,  June  29,  '16,  Cass  Lake;  SI 2,  Aug.  25,  '90,  Keweenaw 
County ;  812a,  July  24,  '10,  Rochester. 

Spargaxium  diversifolium  Gra^bner. 

Keweenaw  County.  No.  21!'.  Junr  Hi,  ISHo  ;  Borders  of  Cass 
Lake.  No.  4249,  June  29,   lilKi. 

Spargaxium  diversifolium  var.  acaule  (Beebe)  F.  &  E. 

2106,  Aug.  15.  '09,  Rochester;  219a,  June  16,  "85,  Keweenaw 
County. 

FLUVIALACE^. 

Potamogetox  Americaxus  C.  &  S. 

Said  to  be  a  rare  species  in  Michigan.  It  is  to  be  found  in  a 
slip  at  the  Great  Engineering  Works,  at  River  Rouge.  No.  4340, 
July  21,  1916. 

*19th    Mich.   Acad.    Sci.   Rcpt.,   1917. 
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JUNCAGINACE^. 

TKi(;i.oe  ]iix   MARiTiMUM  Liii.     Sp.  PI.  I,  339,  1753. 

Trigloch'm  iiiaritiniuni  Lin.  var.  cxangidarc  Reichenb.     Ic.  Fl. 
Germ.  VIT.  28,  t.  LII  fig.  93,  1845. 
Triglochix    :\[aritimum  Lin.  var.   sexangulare  Reichenb.  I.e. 
fig.  92. 
rruilochui  elatum  Nutt.     Gen.  L  237,  1818. 
Triglochin   iiiaritiuiuni  Lin.  var.  elatiiiii    (Nutt.)   A.  Gr.  Man. 
437,  1856. 

There  are  two  forms  of  the  Spike  Grass  ;  one  with  ovoid  fruit 
without  a  neck  at  the  apex  and  with  rounded  carpels ;  the  other 
has  oblong  fruit  contracted  into  a  neck  at  the  apex  and  the  carpels 
have  depressed  backs.  The  former  is  typical  of  the  species  and 
the  edges  of  the  carpels  are  not  sharply  acute ;  in  the  latter  which 
is  characteristic  of  the  variety  the  carpels  are  sharply  acute  or 
winged.  Rcichenbach's  varietal  name  is  older  by  seven  years 
than  that  of  Gray  and  should  be  adopted.  Both  the  species  and 
the  ^'ariety  were  accredited  to  Michigan  (Great  Lakes  region), 
but  all  the  Michigan  material  which  has  passed  under  my  observa- 
tion is  of  the  variety.  The  cross  section  of  the  fruit  of  the  species 
is  circular  in  outline,  while  that  of  the  variety  is  strongly  and 
regularly  angular  with  concave  edges  between  the  angles.  Marl 
Lake,  No.  4292,  July  9,  1916. 

ALISMATACE^. 

SaGITTARIA    LATIFOLIA    Willd. 

In  most  of  its  forms  this  species  is  common  throughout  the 
state.  At  Marl  Lake  a  form  was  found  that  had  narrowly  linear 
blades  and  lobes  which  unquestionably  is  the  forma  gracilis  (Ph.) 
Robinson.  Not  before  reported  from  the  State.  No.  4362,  Aug. 
13,  1916. 

GRAMINACE^.. 

ZlZANIA  AQUATICA  Lin. 

There  are  two  species  of  Water  Oats  or  Indian  Rice  in  Mich- 
igan.. One  is  a  tall,  coarse  plant  with  broad  leaves  and  is  the 
Z.  paliistris  Lin.  The  other  is  a  slender,  small  plant  with  very 
narrow   leaves   and   is   the   Z.   aqitatica   Lin.      They   are    seldom 
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found  growiiii^  together,  but  when  they  are  so  found  they  are 
readily  distinguislied,  and  do  not  seem  to  intergrade.  Marl  Lake, 
No.  4372,  Aug.  13,  1916,  and  No.  2115  from  Huron  River  near 
Geddes.  Aug.  "31,  !!)()!),  are  Z.  aqiiatica  Lin. ;  Xo.  ^^i9] ,  .\ugust  12, 
1892,  from  Belle  Isle;  No.  129Ta,  August  14,  1909,  from  Grosse 
Isle;  and  No.  12971),  from  Huron  River  near  Geddes  are  Z. 
palustris  Lin. 
Spartina  patens  (Ait.)  Muhl.  var.  juncea  f  Mx.)  A.  S.  H. 

An  Atlantic  salt-water-marsh  plant  that  has  become  established 
in  the  salt  marshes  at  Oakwood.     No.  4111,  Sept.  23,  1915. 

CYPERACE^. 

Trichophyllum  rostellatum   (Torr.)  Farwell. 

Said  to  be  rare  in  Michigan.     The  tough,  sterile  stems  recline 
upon  the  earth,  and  when  well  rooted  at  the  proliferous  apex  are 
very  liable  to  trip  up  the  unwary  traveler.    Marl  Lake,  No.  4302, 
July  9,  1916. 
Erigphoru^f  cyperinum  Lin.  var.  pelium  (Fernald),  N.  Comb. 

Scirpus  cyperinns  (Lin.)  Kunth  var.  pclius  Fernald,  Rhodora 
MIL  164,  1906. 

In  swamps  throughout  the  State  ;  infrequent  in  .southern  Mich- 
igan but  common  in  the  L^pper  Peninsula.  ]\larl  Lake,  No.  4358, 
August  13,  1916. 

Triodox  ALBU.S  (Lin.),  N.  comb. 

Scluvnits  albiis  Lin.  .Sp.   I'l.  44,  lTo3. 
Triodox  alrus  (  L:n. )  Farwell  \ar.  .mace.r  (Clarke),  N.  comb. 

Rlix)ichospora  alba   (Lin.)    \'ahl.  var.   )nacra  Clarke  in  Britt. 
Trans.  N.  Y.  Acad.  Sci.  XI,  88,  1892. 

The  variety  niiiccr  has  not  heretofore  been  reported  from  Mich- 
igan, in  so  far  as  I  am  aware.     It  is  a  tall,  coarse  plant  with  a 
corymb  2-4  cm.  broad.     Marl  Lake,  No.  4375,  August  13,  1916. 
Bloomfield  Center,  No.  4399,  August  22,  1916. 
Mariscus  mariscoides  (Torrey)  O.  K.     Said  to  be  infrequent. 

Marl  Lake,  No.  4303,  July  9.  1916,  and  No.  4364,  August 

13,  1916. 
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SCLKKIA   VF.K'IUILLATA    Mulll. 

A  rare  species  in  Michigan.  I  have  seen  it  only  on  marl  beds. 
Marl  Lake,  No.  4367,  August  13,  3  916. 

Cakkx  diandka  Schrank  \ar.  kamosa  (  Hdott)   kY'rnakl. 

Apparently  this  form  is  more  common  in  Michigan  than  the 
species,  at  least  in  the  southeastern  section.  Marl  Lake,  No. 
4312,  July  9,  ]91G. 

Carex  ciiordokfiiza  Lin.  f. 

This  species,  recorded  as  rare  in  Michigan,  is  quite  common 
in  an  extensive  ])eat  bog  in  the  vicinity  of  Pontiac.  No.  4:"22;5. 
June  18,  1916. 

Carex    polygama    Schk.    var.    heterostachya    (Anderss.),    N. 
Comb. 
Carex  Buxhaumii  Wahl.   var.   heterostachya   Anderss.   Cyper. 

Scand.  39,  ]fi49. 
In  this  form  the  terminal  spike  is  entirely  staminate.     Quite 
common  in  ])laces.     Algonac,  No.  4230,  June  22,  1916;  Detroit, 
No.  2034,  July  14,  1907. 

Carex  deflexa  Hornem. 

While  on  a  botanical  excursion  through  the  helds  in  the  vicinit}' 
of  Algonac  on  June  22,  1916,  in  search  of  some  early  flowering 
Bartonia  Virginica  that  had  been  found  there  the  preceding 
autumn,  a  small  area  of  ground  was  discovered  which  w^as  fairly 
well  covered  with  a  small,  dark  green  Carex  that  on  close  exam- 
ination proved  to  my  great  surprise  and  delight  to  be  the  rare 
Carex  deflexa.  It  was  more  than  a  score  of  years  since  I  had 
discovered  this  species  on  the  Keweenaw  Peninsula  and  it  had 
not  been  seen  in  the  interim,  and,  so  far  as  I  am  aware,  it  had  not 
been  reported  by  others,  so  that  these  two  places  are  the  only 
known  localities  for  the  species  in  Michigan.  The  field  was  low, 
moist  ground  only  a  few  feet  above  the  level  of  Lake  St.  Clair. 
The  Carex  was  growing  in  moss  that  covered  the  low  knolls  or 
elevations  as  well  as  the  hollows.  The  typical  form,  No.  4226^, 
is  a  low  plant  with  leaves  not  over  20  cm.  long  and  erect,  the 
culms  being  not  over  one-half  that  length  and  strongly  curved. 
Another  and  more  common  form,  No.  4226,  is  the  variety  Deane'i 
Bailey,  which  is  more  lax  and  has  much  longer  leaves  equaled  or 
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exceeded  hv  the  culms,  wliicli  arc  more  slender  and  less  curve  1 
than  in  the  species.  The  station  near  Algonac  is  close  to  tlie 
southern  limits  of  the  range  of  the  species. 

Carkx  ltmosa  Lin. 

This  is  a  very  slender  sedge  that  nia\-  he  hx^ked  for  in  peat 
bogs.  I  have  not  found  it  in  other  habitats.  It  cannot  be  classed 
as  a  common  ])lant  in   Michigan,     llloomfield.  X"o.    119.''),  June  15, 

Carkx  laxiculmis  Schw. 

A  rare  sedge  in  moist  woods.  The  large  patches  of  broad, 
glaucous,  basal  leaves  at  once  .suggest  C.  granular  is  or  its  variety 
Halcana,  but  the  culms  and  sj)ikes  readily  show  it  to  be  not  that 
species.     Vicinity  of  I'almer  I'ark.  No.  4'?70,  July  "3,  iniG. 

Carex  Pskudo-Cyperus  Lin. 

A  rare  sedge  in  Michigan.  T  first  made  its  ac(|uaintance  last 
year,  1916,  at  Cass  Lake,  where  it  was  not  at  all  plentiful.  No. 
4347,  June  19. 

Carex  Pseudo-Cvperus  Lin.  var.  comosa  P»oott. 

Larger  and  coarser  than  the  species  with  thicker  spikes  more 
loosely  flowered  and  perigynia  with  a  longer  beak,  the  teeth  of 
which  are  more  spreading;  the  perigynia  usually  are  horizontal!}' 
spreading.  Generally  considered  as  a  distinct  species  under  the 
name  of  Carex  comosa  Boott.  There  are  intermediate  forms, 
however,  with  the  ])erigynia  strongly  reflexed,  and  it  might  ])etter 
be  considered  as  a  variety  of  C.  Psciido-Cypenis  than  as  a  sep- 
arate species.  Cass  Lake,  No.  4246,  July  29,  1916;  Tacoma,  No. 
4260,  July  2,  1916. 

JUNCACE^.. 

JuNCUS  PELOCARPUS,  E.  IMeycr. 

One  of  the  rarer  species  in  Michigan.  Ma}-  lie  proliferous. 
I^Larl  Lake,  No.  4365,  August  13,  1916. 

LILLVCE^. 

QUAMASIA   ESCULEXTA    (Nutt.)    Raf. 

Frequent  on  the  banks  of  the  Huron  near  Rockwood,  No. 
4149,  May  21,  1916.  Nuttall  was  the  first  to  discover  and  name 
this  species.     The  original  habitat  or  type  locality  is  "near  the 
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conriuence  of  Huron  River  and  Lake  Kne."  the  station  at  Rock- 
wood,  the  only  one  at  present  known  wliich  might  come  within 
the  limits  of  the  type  locality,  may  be  the  identical  place  where 
Nuttall  originally  found  the  species.  Rafinescpie  established  the 
genus  Quamasia  in  1818,  naming  one  species,  Q.  csculenta,  which 
by  many  present-day  botanists  is  considered  to  be  the  western 
O.  Quawash  (Pursh.)  Coville.  I  have  not  seen  Ratinesque's 
publication,  but  in  his  Medical  Flora  II,  255,  1830,  his  concept  of 
his  Qioaiiiasia  esculcnta  is  exactly  that  of  Nuttall's,  i.e.,  it  includes 
both  the  eastern  Camassia  Fraseri  Torr.  and  the  western  C.  cscu- 
lenta Lindley.  If  the  above  is  the  proper  interpretation  to  be 
applied  to  Ratinesque's  0.  csculenta,  then  it  has  been  erroneously 
referred  to  the  western  species.  Nuttall's  species  (Fraser's  Cata- 
logue, 1813,  and  Genera  I,  219,  1818)  was  based  on  plants  col- 
lected by  Nuttall  himself  in  1810  at  the  type  locality  above  cited; 
he  also  included  the  western  plant  under  the  impression  that  it 
was  the  same  species.  Rafinesque's  name,  if  based  upon  Nuttall's, 
as  is  probably  the  case,  must  of  course  belong  to  the  eastern 
species. 

Aletris  farinosa  Lin. 

A  rare  plant  in  Michigan.  Prefers  dry,  sandy  soil.  \'icinity 
of  Marl  Lake,  No.  4309,  July  9,  1916. 

Smilax  rotundifolia  Lin.  var.  caduca  (Lin.)  A.  Gr.  in  Dark 
Fl.  Cest.  319,  1853. 

S.  caduca  Lin.  Sp.  1030,  1753. 

S.  quadrangularis  Muhl.  in  Willd.  Sp.  PI.  IV  775.  1806. 

vS.  rotundifolia  Lin.  var.  quadrangularis  (Muhl.)   Darby,  Bot. 
So.  States  518,  1855. 

Usually  rather  low  and  often  witb  very  stout,  flat  spines,  col- 
ored at  the  tips,  Algonac,  No.  3156,  June  22,  1916. 

SALICACE^. 

Salix  fragilis  Lin. 

River  banks  at  Stoney  Creek.     An  escape   from   cultivation. 
Seems  to  have  taken  the  place  of  S.  alba  in  this  vicinity.     No. 
4152>^,  May  25,  1916. 
Salix  pedicellaris  Pursh.  var.  hyperglauca  Fernald. 

A  very  attractive  bog  wallow.  Frequent  in  bogs  and  wet 
meadows.  Has  passed  in  our  manuals  for  the  European  S. 
inxrfilloides.    Bloomfield.  No.  4198,  lune  15,  1916. 


ARTSTOLOCHIACE^. 
AsARUM   Ri:i-i.F.xiM   IJickncll  var.  AMruc.cu'.M  Ricknell. 

Woods  in  Alacomb  Co.,  near  Disco,  Xo.  41  oG,  May  25,  1916. 
A.  Caiiadciisc  Lin.  is  credited  to  Micliig'an.  l)ut  such  ])lants  as 
I  have  seen  are  referable  to  this  species  or  to  .  /.   acuminatum 
(Ash)  Bicknell. 

PERSICARIACE^:. 

POLYCOXUM   DUMETORUM    Lin. 

Tliis  species  probably  has  been  ccjnfiised  with  P.  scandcns  Lin. 
and  is  more  frequent  in  the  state  than  has  been  supposed.  Koch- 
ester,  No.  4417.  Sept.  3,  1916. 

ALSINACE.E. 

SCLERAXTIIUS  AXNUUS  Lin. 

Fields  at  Detroit  and  Wyandotte.  Reported  by  Dr.  McCall 
of  the  latter  place  as  o\errunning  cultivated  tields.  Xo.  4314, 
July  11,  1916. 

CRUCIFERACE^. 

Berteroa  incana  (Lin.)  DC. 

A  hoary  pubescent,  branching  herb  that  is  rapidly  spreading 
and  bids  fair  to  rival  the  Wild  Mustard  as  a  pernicious  weed. 
Bloomfield,  Xo.  4188,  June  15,  1916. 
Arabis  lyrata  Lin.  var.  intermedia  (DC),  N.  Comb. 

Arahis  amhigua  DC.  var.  intermedia  DC.  Syst.  IL  231,  1821. 

Arabis  lyrata  Lin.  var.  occidentalis  Wats,  in  A.  Gray  Syn.  Fl. 
N.  Amer.  I,  159,  1895. 

Stigma  together  wdth  very  short  and  thick  style  about  one-third 
of  a  millimeter  or  less ;  lower  one-third  of  stem  with  its  leaves 
more  or  less  hirsute.  Has  been  recorded  from  three  places, 
Bower's  Harbor,  Grand  Traverse  Bay  and  Alpena  in  Beal's 
^Michigan  Flora.  I  have  collected  it  from  Rochester,  X"o.  1533^, 
July  4,  1896,  and  from  Macomb  Co.  in  vicinit}-  of  Disco.  X'o. 
4158,  May  25,  1916. 

HAMAMELIDACE^.. 

A  few  years  ago  Dr.  Sargent  described  a  new  species  of 
Hamamelis,  H.  vcrnalis,  flowering,  as  the  specific  name  indicates, 
in  the  spring.  A  search  for  this  species  in  Michigan  has  not 
disclosed  its  presence  here.     But  unlooked   for  conditions   con- 
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cerniiii^  H .  1  "iry'uiiaun  w  crc  discoNcred  which  may  be  of  sufficient 
interest  to  others  to  have  them  placed  upon  record.  One  of  the 
characters  of  H.  vcrnaUs  is  the  red  inner  surface  of  the  calyx 
lobes.  In  H.  rirc/iniaiia  the  inner  surfaces  of  the  calyx  lobes  are 
yellow  at  the  beginning  of  the  flowering  season,  usually  in  Sep- 
tember in  this  locality,  but  gradually  grow  darker  until,  at  the 
end  of  the  tiowering  period,  which  is  about  the  close  of  the  year, 
most  of  them  are  red;  all  of  them  are  red  when  vegetation 
begins  in  the  spring;  at  least  no  calyx  lobe  has  been  discovered 
that  was  yellow  on  the  inner  surface  at  this  time.  Individual 
shrubs  were  found  that  had  red  calyx  lobes  from  the  beginning 
and  some  even  had  petals  with  the  low'er  portion  red.  The  parti- 
colored petals,  however,  were  not  numerous,  nor,  in  all  cases, 
were  all  the  petals  of  the  one  flower  bicolored. 

POMACES. 

PVRUS   MELAXOCARPA    (Mx.)    A\'illd. 

.Said  to  be  frequent  throughout  the  State.  Bloomheld,  No.  4,^01, 
June  15,  1916;  Vic.  Palmer  Park,  No.  4403,  August  27,  1916. 
Pyrus  melanocarpa  (Mx.)  W'illd.  \ar.  atropurpurea  (Brit- 
ton),  N.  Comb. 

'Arouia  atropurpurea  Britton,  Man.  oil,  1901. 

Pyrus  arhutifoUa  \"ar.  atropurpurea  Robinson.  Rhodora  X,  33, 
1908. 

Pyrus  arhutifoUa  is  credited  to  Michigan  in  Beal's  Michigan 
Flora.  One  of  the  localities  given  is  St.  Clair  Co.,  C.  K.  Dodge. 
Dodge's  specimens  in  the  Herbarium  of  Parke,  Davis  &  Co., 
although  distributed  as  P.  arhutifoUa  are  of  this  variety.  It  is 
probable  that  all  so-called  P.  arhutifoUa  collected  in  Michigan  is 
of  this  variety  and  the  species  should  be  excluded  from  the  Mich- 
igan, Flora.  In  P.  arhutifoUa  the  calyx  lobes  are  very  glandular 
and  the  small,  ripe  fruit  is  bright  red;  in  P.  atropurpurea  the 
calyx  lobes  are  glandless  or  nearly  so  and  the  fruit  is  much 
larger  and  purple  or  black.  I  have  not  seen  P.  arhutifoUa  from 
Michigan,  which  is  outside  of  the  generally  accepted  range  of  the 
species.  The  two  varieties  or  species  have  come  under  my  ob- 
servation here  where  they  often  grow  together  and  it  seems  to 
me  that  P.  atropurpurea  is  but  a  pubescent  form  of  P.  melano- 
carpa;  the  size  and  form  of  the  leaves  and  the  color  of  the  fruit 
are  essentiallv  the  same  in  both  ;  the  berries  of  the  varietv  are 
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lar<(ci"  than  those  of  tlic  i.\\>c,  j^lohose  (jr  occasionally  oval.  In 
the  species  the  leaves  and  inflorescences  are  <(labrous;  in  the 
variety  more  or  less  tomentose ;  but  there  are  intermediate  forms, 
and  individual  shrubs  have  some  of  the  leaves  and  inflorescences 
tomentose  while  others  are  glabrous.  It  seems  best,  on  the  whole, 
to  consider  P.  atropnrpurea  as  not  specifically  distinct  from 
P.  nielanocarpa.  Bloomfield,  No.  4300.  June  l-").  1916,  and  No. 
4396,  August  22,  1916;  Vic.  Palmer  Park,  No.  4276,  July  2,  1916, 
and  No.  4406,  August  27,  1916  (some  parts  pubescent  and  others 
glabrous). 

GERANIACE^.. 

Geranium  pusillum,  Burm.  f. 

Banks  of  Detroit  River  in  Detroit.      Considered  to  be  adventive 

but  api)arently  spreading.     No.  bin,  julv  1.'),  l!!l(). 

TITHYMALACE^. 

Eui'iiokiUA  (;i.\i'T()Si'i:i-;.MA  Engelm. 

Along  the  railroad  tracks  at  Farmington,  where  it  is  (|uite  fre- 
quent.     No.  4350,  August  12,  1916. 

ZIZYPHACE^. 

KlIAMXfS    CATIIARTU     Liu. 

A  few  shrubs  are  found  scattered  alf)ng  a  rail  fence  dividing 
pasture  meadows.  Probably  from  seed  dropped  by  birds.  No. 
43!»2,  August  22,  19  Hi. 

SALICARIACE^. 

lAriiKTM   .Sai.hakia  Lin. 

In  vicinity  of  Detroit.  No.  -1-101,  August  2  1.  l!i]ii.  Probably 
an  escape  from  culti\ation. 

CO  R  N  TCULATACE^. 
QixoTiiERA  MURicATA  I. in.  \ar.  parviflora  Gates. 

A  narrow  leaved,  small  flowered  form  of  OE.  muricata.      Ere- 
(|uent  along  banks  and  in  fields  at  Rochester.     No.  44ir)j/2.  Sept. 
3,  lfn6;  Belle  Isle.  Detroit,  195a.  August  4,  lfn2:  in  a  marl  bed 
on  Parkedale  Farm,  No.  3S2f).  August  9,  1914. 
CEnotiiera  fruticosa  Lin.  var.  phvllopus  Hooker. 

This  is  a  form  in  which  there  is  no  distinction  between  stem 
and  peduncle:  the  Moral  lea\x's  are  like  those  of  the  stem,  giving 
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to  the  flowei's  the  a])pearance  of  being  soHtary  and  axillary. 
Freely  branched.  Detroit,  No.  4261,  June  30,  1916.  Occasional 
and  perhaps  an  escape  from  cultivation. 

CALCARATACE^. 

Viola  tapilionacea  Pursh.  var.  alba  (T.  &  G.),  N.  comb. 

Viola  cucullata  Ait.  var.  alba  T.  &  G.  Fl.  N.  Amer.  I.  137, 1838. 

Smooth ;  flowers  white.  Frequent  in  places.  Near  Rochester. 
No.  3638.  May  10,  IDU.  and  near  Rockwood.  No.  4144,  May  21, 
1916. 

Viola  rostrata,  Ait.  var.  piielpsi^  (Fernald),  N.  comb. 

I'lola  rostrata  Ait.  forma  Phelpsicc  Fernald,  Rhodora  XVII, 
180,  1915. 

Flowers  white.     Near  Rockwood.     No.  4146,  May  21,  1916. 
Viola  pedatifida,  Don. 

I  have  seen  living  plants  of  a  violet  collected  by  Mr.  E.  W. 
Mason  of  Lapeer,  which  had  palmately  many  divided  leaves,  the 
divisions  of  which  were  very  long  and  narrowly  linear  or  filiform. 
It  probably  belongs  here,  where  it  may  be  placed  until  further 
study  will  determine  its  proper  disposition.  This  species  has  not 
before  been  reported  from  Michigan. 

MONOTROPACE^. 
Pyrola  Asarifolia  Mx.  var.  incarnata  (Fisch.)  Fernald. 

Leaves  orbicular  to  ovate,  rounded,  truncate  or  subcordate  at 
base,  dull,  smaller  than  in  the  specific  type  which  are  of  a  different 
form  also.  Common  in  swamps  at  Marl  Lake,  No.  4184,  June  11, 
1916,  and  Nos.  4218  and  4219,  June  18,  1916,  from  near  Pontiac. 
Pyrola  Asarifolia  Mx.  var.  ulkiinosa  (Torr.  et  Gray),  N. 
'    Comb. 

Pyrola  ulig'inosa  Torr.  et  Gray;  Torr.  Fl.  N.  Y.  I,  453,  pi.  69. 
1843. 

Leaves  sub-orbicular  to  obovate,  narrowed  to  an  acute  base; 
smaller  than  in  the  preceding  variety ;  not  common.  Swamps  at 
Marl  Lake,  No.  4185,  July  9,  1916. 

POLEMONIACE^. 

GiLiA  RUBRA  (Lin.)  Heller. 

Near  Farmington,   No.  4357,  August  12,   1916.      Probablv  an 
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escape  troni  cullivatioii.  hiil   seems  Id  l)e  well  e^lahlished.      I'irst 
discovered.  I  l)elie\e.  by  Mr.  ( lladewitz. 

L.\BL\T.VCE.^.. 

0(i.\ilM    l').\sii.uiM   Lin.  var.  (;LAi;i;.\TrM    I!enth. 

Collected  near  Cass  Lake  liv  .Mr.  C".  I^.illin^ton.  Trohablv  an 
escape  from  culli\ation. 

L^•(llPl"s  .\sri:R  Cireene. 

I'.anks  of  Detroit  River  at  \\  yandotte.  No.  43.S-i,  August  20, 
i'.'lL  Idas  been  re])orted  as  L.  lucidus  from  1 'ort  Huron  by  C. 
K.  Dodge.  Lower  part  of  stems  ])rostrate  and  rooting  at  the 
joints. 

RINGENTACE^. 

Pi^xsTEMox  DiciT.M.is   (Sweet)    Xutt. 

Reported  from  Adrian  in  Beal's  Michigan  Flora.  T  have  col- 
lected it  on  Belle  Isle,  No.  1916.  June  20,  190.-),  and  No.  4229 
from  Algonac,  June  22,  191(). 

APARINACE^.. 

Gallium    .Vi'akink    Lin.    var.    eschinosi'kkmu.m     (Wallr.),    N. 
Comb. 
Galium  I'aillantii  D.  C.  Fl.  France  lY.  263,  1805. 
(raliiiin  agrcstc  \\'allr.  A'ar.  cchinosperiuum  \\'allr.  Sched.  Crit. 

y.).  1S22. 
Galiiiin  .Ipariuc   Lin.   \ar.   I'atllautli  i  I ).   C".  )    Koch.   V\.  (iernu 

330,   LS3:. 
A   smaller  i)lant   than  the   ty])e   with   smaller   lea\es   and    fruit. 
On  Parkedale  FarnL  May  30.  1!M-I.  No.  3(].-)2  ;  and  No.  3!Mi  I  from 
Detroit.  June  Li.   1!M:). 

Galium    irii  lori m  Mx.  \ar.  niridii'lorum  D.  C. 

.stems  smooth.     Xear  .Marl  Lake,  Xo.  430."').  July  it.  1!»1(). 
G.\LU M  Lai!Kai)oku  L"M.  Wiegaud. 

Probably  has  been  confused  with  G.  tiiictoriiiui.  It  is  a  smaller 
plant  with  narrower  and  shorter,  soon  retlexed  leaves  and  smaller 
fruit.  Marl  Lake.  No.  Hs;.  June  1L  1916;  Bloomfield.  No. 
41!»L  June  I-'..  l!»l(i.  and  No.  I2(i:  and  1271  at  Tacoma.  July  2. 
191(i. 
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COMPOSITACE^. 

Heliopis  helianthoides  (Lin.)  B.  S.  P.  var.  minor  (Hook), 
N.  Comb. 
Hcliopsis  l(C-c-is  Pers.  var.   iitinor   Hook,   Coinp.   Bot.   Mag.    1, 

98,  1835. 
Hcliopsis  hcz'is  Pers.  var.  yracilis  T.  and  G.  I'^l.  N.  Amer.  H, 

303,  1843. 
Stem  simple,  strict,  ending  in  a  single  head ;  leaves  very  thin, 
very  slightly  scabrous.     Near  Rochester,  No.  4416,  Sept.  8,  1916. 

RUDBF.CKIA  MONTICOLA   Small. 

A  form  with  the  lower  leaves  of  an  ovate  outline  and  the  upper 
leaves  with  a  very  broad  clasping  base.  Near  Rochester,  No. 
4331,  July  15,  1916. 

Helianthus  scaberrimus  Ell. 

Found  at  River  Rouge  by  Billington,  Chandler  &  Gladewitz, 
who  reported  it  as  H.  siibrJioiiiboideits  Rydb.  The  involucral 
scales,  however,  are  mainly  obtuse,  which  would  place  it  here. 
No.  4380,  August  17,  1916.  I  have  also  collected  it  in  Houghton 
Co.,  No.  3087,  August  24,  1913. 

Artemisia  longifolia  Nutt. 

Found  in  considerable  quantities  near  River  Rouge.  Farwell 
and  Chandler,  'No.  4379,  August  17,  1916. 

Hieracium  aurantiacum  Lin. 

Balast  grounds  at  Detroit,  rare.  No.  4315,  July  11,  1916.     Has 
been  found  also  by  Billington,  Chandler  and  Gladewitz. 
Hieracium  venosum  Lin.  var.  subcaulescens,  T.  and  G. 

Near  Tacoma,  No.  4364,  July  3,  1916. 

ADDENDA. 

The  plant  mentioned  above  under   J 'tola  pcdatifida  proves  to 
be  the  V.  pedaha  var.  lineariloha,  DC.  with  very  narrow  or  almost 
filiform  lobes  to  the  leaves. 
Pyrola  Asari folia,  Mx.  var.  ovata,  N.  name. 

Since  the  Pyrola  incarnata  Fisch.  is  an  Asiatic  plant  and  a 
variety  of  the  European  P.  rotiindifolia  Lin.,  the  plant  listed 
above  as  P.  Asarifolia  Mx.  var.  incarnata  should  receive  a  new 
name  and  I  propose  for  it  the  varietal  name  ovata. 

Parke,  Davis  Co..  Detroit,  Mich.  loeeis 


Studies   from   the   Research   Laboratory 
Parke,      Davis      &       Co. 
Reprint   No.    144,    1917. 

(Reprinted   from   the   Proceedings   of   the   Missouri   \'allev   \'cterinarv   Association, 
1917,   pp.    ]2.3-l;3.").) 

HOG    CHOLERA    TRANSMISSION    EXPERIMENTS. 

By  H.  Preston  Hoskins,  Detroit,  Mich. 

(-\nimal  Pathologist,   Research  Laboratories,  Parke,  Davis  &   Co.) 

It  would  api)ear  to  me  that  some  apology  is  due  the  members 
of  this  association  for  coming  before  you  on  the  subject  of  hog 
cholera,  because,  if  there  is  any  one  subject  that  has  been  thor- 
oughly discussed  at  meetings  of  this  kind  during  the  past  five 
}ears.  it  is  hog  cholera,  in  all  its  phases.  It  so  happened  that  at 
the  time  that  your  \cr}-  efficient  secretary  was  trying  to 
pre\ail  ujjon  me  to  make  good  a  promise  made  him  several 
times,  to  present  a  paper,  we  were  having  a  rather  interesting 
experience  with  hog  cholera  in  our  experimental  stables,  and  this 
paper  is  presented  for  the  purpose  of  reporting  this  experience 
and  some  facts  bearing  upon  the  subject  of  the  transmission  of 
the  hog  cholera  virus,  artificially  and  under  natural  conditions. 

There  is  considerable  experimental  evidence  and  practical 
experience  to  show  that  the  hog  cholera  virus  is  very  susceptible 
to  certain  environmental  influences.  From  research  work  re- 
ported and  from  observations  made  we  know  that  hog  cholera 
^•irus  rapidly  loses  its  disease-prcKlucing  ]>ower  under  certain 
conditions.  I'utrefaction  is  one  of  the  influences  which  is  im- 
portant, from  a  number  of  standpoints.  Hog  cholera  virus 
appears  to  be  readily  destroyed  by  the  products  of  i)ulrefaction. 
Now  if  this  fact  be  true,  without  exception,  a  given  amount  of 
hog  cholera  \irus  would  remain  virulent  a  much  shorter  time  in 
a  hog  wallow  than  it  would  on  the  concrete  floor  of  an  up-to-date 
hog  barn,  other  conditions  being  equal.  The  virus  is  resistant  to 
freezing,  and  to  a  less  extent  to  drying.  Sunlight  destroys  the  virus 
and  difterent  disinfectants  \ar\'  in  their  germicidal  action  against 
the  virus.  It  might  be  stated  that  influences  which  retard  putre- 
faction prolong  the  life  of  the  virus,  and  influences  which  pro- 
mote ]»uiref action  hasten  the  death  of  the  virus. 

The  English  Commission  api)ointed  to  stutly  certain  phases 
of  the  hog  cholera  question  carried  on  a  number  of  experiments 
to  determine  the  infectiousness  of  the  excretions  of  cholera  hogs 
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and  to  throw  additional  li^lit  on  the  suhject  of  carriers  of  the 
infection  and  ])rohahlc  modes  of  its  transmission.  If  we  were  to 
place  entire  credence  in  the  results  of  tlie  ex])eriments  carried  on 
hv  the  English  C'ommission,  it  would  appear  that  the  dangers  of 
spreading  the  infection  ha\e  heen  greatl}'  exaggerated.  As  a 
matter  of  fact  we  can  not  hel])  hut  be  impressed  with  the  great 
chscrepancies  wliich  a])])ear  to  exist  hetween  experimental  data 
and  actual  occurrences. 

The  report'  of  the  I'^nglish  Commission  states  that,  "By  plac- 
ing susceptible  pigs  on  the  manure  of  affected  pigs  ( i.  e.,  litter 
and  fieces  soiled  with  urine)  jjositive  results  were  obtained  after 
the  manure  had  been  exposed  to  natural  influences  for :  No  days 
(i.  e.,  the  pigs  w^ere  placed  on  the  manure  immediately  the  affected 
pigs  had  been  removed),  and  for  se\en  days.  Negative  results 
were  obtained  after  the  manure  had  been  exposed  for  1  day,  5 
days,  14  days,  "^l  days,  28  days,  and  -12  days.  By  actually  feeding 
fasces  onl\'.  from  infected  pigs,  after  the  faeces  had  been  exposed 
to  natural  influences,  positive  results  were  obtained  in  no  case, 
but  there  was  a  very  doubtful  result  after  21  days'  exposure. 
This  doubtful  result,  however,  may  be  neglected,  having  regard 
to  the  negati\e  results  in  this  connection,  and  in  the  experiments 
with  manure  (  fccces  and  urine)  at  intervals  of  exposure,  negatixe 
results  were  obtained  after  2  da}s,  11  days,  21  days,  2H  days, 
46  days  and  .")4  days." 

At  the  recent  meeting  of  the  United  States  Live  Stock  San- 
itarv  .Vssociation,  Dr.  Dorset-  reported  the  results  of  some  ex- 
periments conducted  by  the  Bureau  of  Animal  Industry  to 
determine  the  infectiousness  of  hog  cholera  \irus.  as  carried  by 
])ersons  on  their  shoes.  .  Briefly,  the  experiment  consisted  in 
placing  a  number  of  susceptible  pigs  in  one  pen.  and  a  number  of 
cholera  infected  pigs  in  another  pen.  about  100  yards  distant. 
Attendants  entered  the  pen  containing  the  sick  pigs,  took  their 
temperatures,  then  disinfected  the  thermometers  and  their  hands, 
but  not  their  shoes,  and  entered  the  ])en  containing  the  healthy 
susceptible  pigs.  Contrary  to  expectations,  the  latter  pigs  failed 
to  contract  infection  during  the  experiment,  which  lasted  thirty 
davs.  The  i)igs  were  then  moved  closer  together,  ')0  yards  ai)art, 
and  the  exi)eriment  repeated,  with  the  same  results,  namely : 
failure  to  infect  the  pigs.  The  susceptibilit}-  of  the  pigs  was  later 
proven  by  inoculation  tests. 
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The  outcome  of  this  experiineiil  was  soniewliat  similar  to 
one  conducted  by  the  writer  while  at  the  University  of  Minnesota, 
but  not  previously  reported.  A  litter  of  ten  pigs  was  placed  in  a 
pen  about  50  yards  distant  from  the  crematory  where  we  were  in 
the  habit  of  burning,  each  day,  the  carcasses  of  from  five  to 
fifteen  virus  pigs  that  had  been  bled  and  autopsied  in  serum  pro- 
duction work.  The  original  intention  was  to  keep  these  pigs 
isolated,  and  free  from  infection,  if  possible,  for  use  in  some 
experimental  work  later.  However,  it  occurred  to  us  that  it 
would  be  an  excellent  opportunity  to  determine  the  actual  danger 
of  the  crematory  as  a  source  of  infection,  criticism  having  been 
directed  against  it  on  that  score.  To  make  a  long  story  short,  the 
pigs  failed  to  contract  any  infection  over  a  period  of  several 
W'-eeks.  In  fact,  we  even  thought  that  they  were  immune,  and  for 
that  reason  removed  them  to  the  virus  building  and  inoculated 
them  with  a  strain  of  virus  of  known  virulence.  They  all  suc- 
cumbed to  the  infection. 

It  would  appear  from  the  above  experiments  that  it  should 
be  an  easy  matter  to  keep  pigs  free  from  infection,  even  though 
active  cholera  cases  were  near,  without  a  great  deal  of  extra 
effort.  This  point  is  a  very  important  one  in  connection  with 
experimental  work  wnth  the  disease,  wdiere  it  is  almost  absolutely 
necessary  to  ha\e  on  hand  at  all  times  susceptible  pigs  for  inocu- 
lation purposes.  Such  pigs  must  be  kept  healthy  and  free  from 
infection  so  that  they  may  be  ready  for  use  just  as  soon  as  an 
occasion  arises.  Further,  in  inoculation  experiments,  the  neces- 
sity for  keeping  such  pigs  free  from  extraneous  infection  does  not 
terminate  with  their  inoculation,  but  the  pigs  must  be  kept  free 
of  such  infection  during  the  course  of  the  experiment,  or  the 
latter  will  be  valueless. 

The  following  occurrence  will  serve  to  indicate  the  fallacy  of 
the  belief  that  it  is  easy  to  control  accidental  infection,  even  when 
conditions  approach  the  ideal.  In  our  experimental  stables  our 
susceptible  pigs  are  kept  in  pens  about  fifteen  feet  square,  the 
pens  being  completely  separated  from  each  other  by  solid  concrete 
walls.  The  pens  have  concrete  floors  and  are  entered  from  a 
common  passage-way  through  a  door  with  a  sill  a  foot  high,  and 
a  foot  in  width,  separating  each  pen  from  the  passage-way.  I^ach 
pen  has  a  double  door,  the  outside  door  being  solid  and  of  wooden 
construction,  anil   the  inner  one  being  a  screened   frame  door. 


Each  pen  has  a  w  indow  o|)cnin,o  on  tlic  outside  of  the  l)uil(hn^. 
and  is  screened. 

The  attendant  who  looks  after  the  pij^s  is  furnished  with 
ruhlier  hoots  and  ruh1)er  gloves,  and  hefore  entering  a  pen,  con- 
taining either  sick  or  well  hogs,  thoroughly  disinfects  his  hoots 
and  gloNCs  hy  immersion  in  a  strong  disinfectant  solution,  a  2<7r 
solution  of  which  has  been  determined  to  kill  the  hog  cholera 
virus  by  contact  in  live  minutes.''  The  same  process  is  carried  out 
on  lea\ing  a  i)en. 

Several  months  ago  we  had  on  hand  two  lots  of  normal  sus- 
ceptible pigs,  six  in  one  group  and  ten  in  the  other,  awaiting  an 
experiment.  On  the  afternoon  of  Dec.  14th,  1!»1(),  the  attendant 
reported  that  the  pigs  in  the  group  of  six  were  not  acting  well. 
On  taking  their  temperatures,  they  were  found  to  range  from 
]08.."3°F  to  1()G.4°F.  A  sample  of  blood  was  taken  from  each  pig, 
and  then  each  pig  was  given  a  fairly  large  dose  of  hyperimmune 
serum.  About  a  week  later,  on  Dec.  23rd,  to  be  exact,  the  at- 
tendant rej^orted  that  the  second  group  of  pigs,  ten  in  number, 
were  showing  slight  symptoms.  Temperatures  were  taken  and 
they  were  found  to  range  from  103. 4°F  to  106. 6°F. 

Although  the  indications  were  highly  in  favor  of  the  trouble 
being  hog  cholera,  it  was  decided  to  determine  positively  chat  this 
outbreak  was  due  to  the  filterable  virus,  and  for  this  purpose  the 
defibrinated  blood  from  pigs  340  and  343  was  diluted  with  several 
volumes  of  sterile,  normal  saline  solution,  passed  through  a 
Berkefeld  filter,  and  then  inoculated  into  susceptible  pigs,  with 
the  following  results : 

Pig  37():  Inoculated  with  filtered  serum  from  pig  340. 
showed  a  febrile  reaction  on  the  r)th  day.  the  temperature 
rising  to  K)6.'7°F  on  the  7th  day,  with  clinical  symptoms 
being  shown.  Lived  until  l!)th  day,  although  \ery  sick  for 
five  days.  P.  M. :  Lesions  in  lymph-nodes,  kidneys,  in- 
testines, lungs,  bladder  and  larynx. 

Pig  377:  Inoculated  with  filtered  serum  from  ])ig  ;U3. 
showed  a  febrile  reaction  on  the  -"ith  day,  when  the  tem])era- 
ture  reached  K)G.5°F.  Clinically  ill  on  the  7th  day,  and 
killed  on  the  1 1th  day  to  secure  the  virus.  P.  M. :  Lesions  in 
kidneys,  spleen,  larynx,  intestines  and  lymph-nodes. 

Pig  340:  Reported  as  sick  on  Dec.  14,  19](].  The  fol- 
lowing da\'  a  blood  sample  was  drawn  and  the  ])ig  gi\en  ~)'>J) 
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c.c.  of  anti-hoi,^  cholera  serum.  The  pig  cle\cloi)ecl  a  case  of 
chronic  cholera  ami  died  Jan.  'i'i,  1017.  Cholera  lesions  at 
autopsy. 

i'ig  31;!:  Reported  as  sick  on  Dec.  II,  l!M(i.  I'.lood 
sample  drawn  the  following"  da\-  and  (iO.li  c.c.  of  >erum  ad- 
ministered. 'J'emperature  dropped  and  reached  normal  Dec. 
■*."),   li'lii.      Kecoxered. 

IJacteriological  examination  of  the  l)lood  from  a  number  of 
the  pigs  showed  the  hlood  to  he  free  from  those  organisms  usually 
associated  with  tin-  tilterahle  virus  disease.  These  tests  and  ex- 
aminations proved  pretty  conclusix  el\-  that  we  were  dealing  with 
true  hog  cholera,  caused  \i\  the  hlterable  virus. 

There  is  not  much  douht,  howexer.  that  the  infection  came 
from  some  one  of  the  subacute  experimental  cases  in  the  staljle 
early  in  the  month  of  December.  leased  upon  some  observations 
])re\iously  made  b\-  the  author.^  it  appeared  that  the  jiigs  in 
grouj)  1  were  exjjosed  to  infection  about  Dec.  loth,  ayd  those  in 
grou[)  ■*  about  Dec.  'idth.  (The  strain  of  virus  in  use  in  the 
laboratory  just  prior  to  this  outbreak  of  hog  cholera  was  the  same 
strain  used  in  the  ]troduction  of  serum  at  the  Minnesota  State 
Serum  Plant,  kindly  furnished  by  Dr.  H.  C.  H.  Kernkamp. ) 

The  following  tables  give  a  summary  of  the  data  concerning 
the  two  groups  of  pigs: 


GROUP  I. 

Tag 

Date 

Temp. 

1  light  St 

Xos. 

Rec'd 

IC'-niU 

Ti.-nii). 

late 

Outcome 

332 

9-2-16 

105.6 

106.7 

12-16-16 

Died  12-23-16 

338 

" 

105.6 

107.0 

12-18-16 

•'      12-23-16 

340 

10-13-16 

106.4 

106.5 

12-17-16 

••      1  -22-17 

341 

106.0 

106.9 

12-16-16 

■      12-30-16 

342 

" 

105.2 

106.0 

12-15-16 

••      12-24-16 

343 

103.5 

1(16.4 
GROUP  11 

12-17-16 

Recovered. 

Tag 

Date 

Ten:]). 

Jlighest 

Xos. 

RecM 

1  ■.'-•.>  .3 -Uj 

Temp. 

1  )ate 

Outcome 

348 

11-7-16 

106.5 

106.5 

12-26-16 

Killed  12-29-16 

349 

104  8 

107.0 

12-26-16 

Died     1-  5-17 

350 

106.6 

107.0 

12-26-16 

1-18-17 

351 

106.4 

107.0 

12-29-16 

1-16-17 

352 

" 

103.4 

106.7 

12-28-16 

"        1-16-17 

353 

'• 

106  2 

108.2 

12-26-16 

1-  8-17 

354 

" 

106.6 

107.2 

12-26-16 

■•       1-  1-17 

355 

•• 

105.0 

107. 5 

12-29-16 

••       1-22-17 

356 

105.6 

107.0 

12-28-16 

1-14-17 

357 

" 

105.3 

108.3 

12-25-16 

"      12-31-16 
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The  following  charts  show  the  temperature  curves  of  one 
representative  pig  from  each  group  (Nos.  338  and  oU^ )  and  the 
two  pigs  used  to  prove  the  infection  due  to  the  filterable  virus 
(Nos.  376  and  377),  as  well  as  the  clinical  observation-  made  and 
the  post-mortem  findings : 

Hog  No.  338. 
REMARKS  : 

Dec.   14,     Appears  sick. 

15.     Bled  from  tail. 

23.  Found  dead. 
Autopsy:  Subcutaneous  tissue  and  mus- 
culature studded  with  hemorrhagic  extra- 
vasations. Heart  extensively  petechiated. 
Pneumonic  areas  in  lungs,  also  petechiae. 
Icterus  noticeable  throughout  cadaver,  due 
to  occulusion  of  bile  duct  with  ascarides. 
Ividneys  petechiated.  Bladder  petechiated. 
Larynx  icteric  and  hemorrhagic.  Petechial 
hemorrhages  in  serosa  of  intestine.  Lymph 
nodes  throughout  body  very  congested. 
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December,   1916. 

33 

34 

25 
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27 
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Hog.  No.  348. 

REMARKS  : 

Dec.  23.     Sick. 

29.  Moribund.  Killed  and  autopsied. 
Lungs  show  lobular  pneumonia. 
Mediastinal  lymph  nodes  enlarged 
and  slightly  hemorrhagic.  Lobules  of 
liver  very  distinct ;  ascarides  in  bile 
ducts.  Many  ascarides  in  intestinal 
tract.  Kidneys  congested.  Bladder 
shows  intense  injection  of  capillaries 
in  mucosa.  Spleen  enlarged  and  soft. 
Ileo-caecal  valve  reddened. 
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Hog  No.  377. 
REMARKS  : 

Intramuscular     injection     20.0 

c.  c.  filtered  serum  of  Hog  No. 

343. 

Anorexia. 

Very  weak.   Killed  by  bleeding 

from  carotid  artery. 
Autopsy :  Lungs  normal.  Kidneys 
hemorrhagic.  Bladder  h  y  p  e  r  e  m  i  c. 
Spleen  slightly  enlarged.  Stomach 
hemorrhagic.  Ileo-caecal  valve  inflamed. 
Lymph-nodes  enlarged  and  slightly  con- 
gested.    Slight  hemorrhages  in  larynx. 


Jan.   19. 


26. 
30. 
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REMARKS : 

Jan.   19.     Intramuscular  injection  10.0  c.  c.  filtered  serum  of  Hog  No.  340. 

26.     Anorexia. 
Feb.     3.     Very  sick. 
6.     Moribund. 
8.     Found  dead. 
Autopsy:     Lungs  sbow  lobular  pneumonia.     Mediastinal  lymph  nodes 
enlarged,  and  very  hemorrhagic.     Liver  appears  normal.     Spleen  enlarged 
and    soft.      Kidneys    petechiated.      Bladder    badly    congested.      Intestines 
hemorrhagic.     Larynx  hyperemic. 

The  viability  of  the  hog  cholera  virus  is  apparently  well  illus- 
trated by  the  following  instances  which  came  to  the  personal 
attention  of  the  writer  several  years  ago,  while  located  in  Min- 
nesota. Hog  cholera  mysteriously  made  its  appearance  in  a  small 
herd  of  hogs  on  a  large  farm  in  the  southeastern  part  of  the  State, 
early  in  the  spring.  This  farm  was  somewhat  isolated,  being 
fourteen  miles  distant  from  the  nearest  railroad  station,  although 
a  spur  used  only  for  freight  purposes  extended  to  a  point  only  a 
few  miles  away.  There  had  never  been  any  hog  cholera  on  the 
premises  so  far  as  known,  and  there  had  been  none  in  the  county 
since  the  preceding  fall.  No  new  hogs  had  been  introduced  on 
the  farm  for  quite  a  while. 

After  investigation  of  the  outbreak,  in  the  hope  of  being  able 
to  trace  the  infection,  about  the  only  plausible  clue  was  the  fol- 
lowing: About  two  weeks  prior  to  the  appearance  of  cholera  on 
the  farm,  a  carload  of  drain  tile  had  been  unloaded  on  the  railroad 
spur  previously  mentioned  and  hauled  to  the  farm  in  wagons. 
The  manager  of  the  farm  had  assisted  in  unloading  the  tile,  and 
he  was  in  the  habit  of  looking  after  the  hogs,  which  were  ptirc- 
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l)rcd  I*olan(l-Chinas.  1  Ic  informed  me,  on  ni_\-  \isit  to  the  farm, 
that  the  tile  had  been  shipped  in  a  stock  car  and  that  there  was 
consideralile  litter  in  the  bottom  of  the  car.  The  assumption  was 
that  this  car.  ])re\ious  to  being  loaded  with  the  tile,  had  been  used 
to  haul  hogs  and  that  these  hogs  had  contaminated  the  litter  in 
the  car.  ]'3ither  some  of  this  litter  had  adhered  to  the  tile  and 
thus  been  conveyed  to  the  farm,  or  some  of  the  men  had  carried 
the  infection  on  their  clothes  or  shoes.  All  of  which  onl\-  further 
emphasizes  the  importance  of  the  i)roper  disinfection  of  stock 
cars. 

One  other  instance  of  the  a])parent  ease  with  which  the  dis- 
ease may  l)e  transmitted  will  be  cited.  Hog  cholera  made  its 
appearance  on  a  farm  in  the  west  central  part  of  Minnesota  a 
few  years  ago  in  the  middle  of  winter.  U]ion  investigation  it  was 
found  that  there  was  no  cholera  in  the  neighb(jrhood.  there  had 
been  none  on  the  farm  so  far  as  know-n,  and  none  of  the  usual 
modes  of  infection  seemed  to  be  even  likely  in  this  case.  How- 
ever, upon  questioning  the  owner  of  the  hogs,  the  information 
was  gained  that  a  relati\e  from  an  adjoining  state  had  \isited  him 
at  Christmas  time,  and  the  relative  had  had  cholera  on  his  farm 
at  home  quite  recently.  About  the  only  solution  that  seemed 
reasonable  was  that  this  relative  had  carried  some  infection,  \erv 
likely  on  his  shoes,  from  one  farm  to  the  other,  several  hundred 
miles  apart. 

It  must  be  remembered  in  any  such  cases  that  the  disease 
must  be  identified  and  the  diagnosis  proven,  to  be  of  any  scientific 
value.  However,  in  the  two  cases  mentioned,  both  of  which  came 
to  the  personal  attention  of  the  writer,  there  was  no  reasonable 
doubt  as  to  the  true  nature  of  the  disease.  On  the  other  hand, 
it  is  absolutely  impossible  to  prove  definitely  that  in  a  gi\en  out- 
break the  infection  was  carried  in  this,  that  or  the  other  way. 
Very  often  it  is  a  jn'ocess  of  elimination,  and  we  must  C(jntent 
ourselves  with  selecting  wdiat  appears  to  be  the  most  likel_\-  avenue 
of  infection. 

It  Aery  frequently  happens,  in  trying  to  explain  to  our  clients 
how"  infection  is  carried,  that  our  theories  appear  very  far-fetched, 
and  when  Ave  take  into  consideration  the  sometimes  mysterious 
manner  in  which  a  disease  such  as  hog  cholera  makes  its  appear- 
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ance,  it  is  no  wcjiidcr  that  we  still  ha\e  ani(;nj4'  the  laity  those 
who  believe  in  the  spontaneous  origin  of  these  diseases,  or  that 
they  are  due  to  dietetic  errors,  meteorological  disturbances  or 
some  act  of  I'rovidence.  We  are  often  helpless  when  it  comes  to 
enlightening  them,  or  powerless  to  make  them  see  the  error  of 
their  wavs. 

In  any  experiments  on  the  transmission  of  hog  cholera  there 
are  certain  fundamental  requirements  which  should  be  comi)lied 
with,  in  order  that  no  tlaws  can  l)e  detected  in  the  exiieriment. 
Some  of  these  conditions  are  much  easier  to  meet  than  others. 
In  inoculation  experiments  the  hardest  factor  to  control  is  the 
accidental  infection  of  the  hogs  in  the  experiment.  It  is  usually 
customary  to  place  with  the  inoculated  pigs  a  number  of  control 
animals  that  are  not  inoculated.  These  controls  should  not  con- 
tract hog  cholera  immediately,  but  in  the  event  of  positive  results 
in  the  inoculated  animals,  these  should  transmit  the  infection  to 
the  controls  by  contact  or  association.  Xegatixe  results  are 
frequently  confusing.  An  animal  which  does  not  become  infected 
as  the  result  of  the  inoculation  with  suspected  material,  should 
subsequentlv  be  tested  for  imnumil\-  by  inoculations  with  material 
of  known  virulence.  Failure  to  respond  to  the  second  inoculation 
may  be  due  to  immunity  which  existed  at  the  time  of  the  first 
inoculation,  or  actually  as  the  result  of  the  first  inoculation  which 
had  the  etlect  of  vaccinating  the  animal. 

In  a  previous  publication'*  I  have  called  attention  to  the  great 
variations  in  the  amount  of  resistance  to  infection  shown  l)y 
dilTerent  hogs,  varying  from  one  extreme  to  the  other,  namely, 
complete  susceptibility  to  what  appeared  to  be  complete  immu- 
nit}-.  In  the  latter  cases  the  possi1)ility  .should  be  kept  in  mind 
that  these  apparently  immune  animals  may  not  have  been  immune 
in  the  true  sense  of  the  word,  but  these  hogs  may  actually  have 
passed  through  a  reaction,  so  >light,  however,  as  not  to  be  noticed 
by  the  rather  superficial  means  of  detection  at  our  command. 

I'resh  in  our  memories  is  the  ]!)14  outbreak  of  foot  and 
mouth  disease  in  this  country,  the  origin  of  which  has  never  Iteen 
explained  or  the  portal  of  entry  definitely  ascertained.  There  is 
not  one  of  us,  however,  who  doubts  for  a  nunute  that  the  virus 
of  the  dreaded  plague  was  transported  in  some  way  to  the  ])oint 
where  the  outbreak  had  its  start.  During  the  i)ast  summer,  when 
infantile  paralysis  was  rampant  in  certain  sections  of  the  country. 
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isolated  cases  cropped  up  here  and  there,  without  warning,  and 
frequently  with  no  apparent  connection,  direct  or  indirect,  with  a 
previous  case  of  the  disease.  Physicians  in  many  instances 
could  do  nothing  but  make  the  wildest  guess  as  to  the  probable 
manner  of  convection  of  the  virus. 

Since  the  epochal  discovery  of  Dr.  Theobald  Smith  and  his 
associates,  of  the  role  of  the  cattle  tick  in  the  transmission  of 
southern  cattle  fever,  no  material  ]:)rogress  has  been  made  in  the 
study  of  disease  transmission.  There  must  still  be  some  secret  that 
awaits  discovery  by  which  we  may  be  able  to  satisfactorily 
explain  some  of  the  rather  baffling  phenomena  which  all  too 
frequently  present  themselves  to  those  of  us  who  are  engaged  in 
the  study,  treatment  and  control  of  infectious  diseases. 

There  is  a  phase  of  the  question  which  is  important  to  us  as 
veterinarians,  especially  those  engaged  in  country  practice  or  hog 
cholera  control  work,  federal,  state  or  county.  For  the  past  five 
years  a  great  deal  of  educational  work  has  been  carried  on,  not 
only  in  the  great  hog-raising  states,  but  in  practically  all  of  our 
states,  taking  information  to  the  farmer  on  the  subject  of  infec- 
tious diseases.  Especial  emphasis  has  been  placed  upon  the  ease 
with  which  the  infection  of  hog  cholera  may  be  spread  from  farm 
to  farm.  Undoubtedly  a  great  amount  of  good  has  been  accom- 
plished in  this  way,  and  there  is  not  one  of  us  who  doubts  that 
less  infection  has  actually  been  spread  as  a  result  of  this  educa- 
tional proi)aganda. 

On  the  other  hand,  the  fact  must  not  be  lost  sight  of  that 
much  of  the  good  accomplished  by  this  work  may  be  undone  by 
too  much  publicity  given  to  negative  results  obtained  in  a  small 
number  of  experiments.  No  matter  how  carefully  such  work  is 
planned,  and  no  matter  how  conscientiously  the  experiments  are 
carried  out,  there  still  remains  the  possibility  for  errors  to  creep 
in,  or  the  absence  of  some  factor  from  the  artificial  conditions  in 
the  experiment,  not  usually  absent  under  natural  conditions  on 
the  average  farm.  The  agricultural  press  is  usually  hungry  for 
and  eager  to  publish  anything  relative  to  investigational  work 
with  animal  diseases,  and  the  wrong  interpretation  is  sometimes 
placed  upon  the  publication  of  results  of  work  conducted  in  our 
scientific  laboratories.  For  this  reason  great  care  should  be  exer- 
cised in  drawing  conclusions  and  publishing  the  results  of  re- 
search or  experimental  work  of  the  kind  referred  to. 
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SUMMARY. 

I'll  liriclly  recapitulate,  tlic  tads  ])rcsente(l  in  tliis  paper  are 
suhst.antially  as  f(jllo\vs: 

1.  That  on  two  occasions,  outljrcaks  of  hog  cholera  in  Min- 
nesota had  apparently  been  the  result  of  the  conveyance  oi  the 
infection  by  intermediate  objects  for  distances  of  several  hundred 
miles. 

'i.  That  in  the  experiment  conducted  at  University  Farm,  it 
had  been  shown  that  susceptible  pigs  could  l)e  ke])t  close  to  ex- 
tensive infection  without  necessarily  contracting-  the  disease. 

."■>.  That  the  results  of' this  experiment  were  practically  du- 
plicated l)v  the  experiments  of  the  Bureau  of  Animal  Industry, 
reported  l)v  Dr.  M.  Dorset  at  the  recent  meeting  of  the  United 
States  Li\'e  Stock  Sanitarv  Association,  in  Chicago. 

4.  That  in  spite  of  the  utmost  precautions  to  prevent  the 
accidental  infection  of  experimental  pigs,  kept  in  our  Detroit 
laboratories,  on  two  occasions  recently.  diiTerent  groups  of  pigs 
became  infected  with  hog  cholera. 

').  That  this  accidental  infection  was  proven  by  appropriate 
tests  to  be  due  to  the  filterable  \irus.  and  the  alTected  pigs  in  most 
cases  i)roved  to  be  unusually  free  from  secondary  in\ading  or- 
ganisms commonly  met  with  in  this  disease. 

(i.  That  serious  discrepancies  exist  between  the  results  of 
different  exi)eriments,  as  well  as  between  results  obtained  under 
experimental  and  natural  conditions. 

7.  That  much  good  already  accom])lished  may  l)e  undone 
by  the  premature  publication  of  negati\e  results  of  transmission 
experiments,  when  all  our  teachings  during  recent  years,  espe- 
ciall\-  to  the  laity,  have  been  to  the  effect  that  hog  cholera  is  a 
disease  that  is  \erv  easily  transmitted. 
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